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Summary
CryptosporidiumLVDJHQXVRISURWLVWVUHFRJQLVHGDVD
PDMRUFDXVHRIGLDUUKRHDOLOOQHVVFRQWULEXWLQJVLJQLILFDQWO\
WRWKHJOREDOEXUGHQRIJDVWURHQWHULWLVHVSHFLDOO\LQ\RXQJ
FKLOGUHQ CryptosporidiumLVDQDSLFRPSOH[DQWUDGLWLRQDOO\
FRQVLGHUHG D FRFFLGLDQ EXW LV PRUH FORVHO\ UHODWHG
JHQHWLFDOO\ WR WKH JUHJDULQHV Cryptosporidium RFFXUV
ZRUOGZLGH EXW LQIHFWLRQ LV HVSHFLDOO\ SUHYDOHQW ZKHUH
GULQNLQJZDWHUTXDOLW\DQGVDQLWDWLRQDUHSRRUDQGLVPRVW
VLJQLILFDQW FOLQLFDOO\ LQ \RXQJ FKLOGUHQ PDOQRXULVKHG
SHRSOH DQG LPPXQRFRPSURPLVHG SDWLHQWV
7KH RRF\VW VWDJH RI WKH OLIH F\FOH LV VKHG LQ IDHFHV RI
KXPDQV DQG DQLPDOV DQG VXUYLYHV PDQ\ HQYLURQPHQWDO
FRQGLWLRQVDQGGLVLQIHFWDQWV2RF\VWVKDYHEHHQGHWHFWHGLQ
VXUIDFHDQGJURXQGZDWHUVGULQNLQJZDWHUZDVWHZDWHUV
WUHDWHGDQGXQWUHDWHGUHFUHDWLRQDOZDWHUVVRLODQGELRILOP
DQG IRRG DQG EHYHUDJHV LQFOXGLQJ IUXLW DQG YHJHWDEOHV
MXLFHPLONDQGVKHOOILVK7KHVHFDQEHWUDQVSRUWYHKLFOHV
IURPLQIHFWHGWR VXVFHSWLEOH KRVWV LQ DGGLWLRQ WR GLUHFW
WUDQVPLVVLRQWKURXJKSHUVRQWRSHUVRQDQGDQLPDOFRQWDFW
Cryptosporidium RRF\VWVFDQEHGHWHFWHGE\PLFURVFRS\
LPPXQRORJLFDO RU PROHFXODU WHFKQLTXHV 7KH  RU VR
VSHFLHVFDQRQO\EHGLIIHUHQWLDWHGE\PROHFXODUWHFKQLTXHV
DVWKHRRF\VWVDUHPRUSKRORJLFDOO\VLPLODU$OWKRXJKPDQ\
DUH KRVWDGDSWHG WR DQLPDOV WKH PRVW FRPPRQ VSHFLHV
LQIHFWLQJ KXPDQV DUH C.  hominis C.  parvum DQG C.
meleagridis ZLWK JHRJUDSKLF GLIIHUHQFHV LQ VSHFLHV DQG
VXEW\SH GLVWULEXWLRQ 'HVSLWH GHVFULSWLRQ RI VHYHUDO
JHQRW\SLQJPHWKRGVWKHUHLVQRVWDQGDUGLVHGPHWKRGRI
LQYHVWLJDWLQJ VXEW\SHV ZLWKLQ VSHFLHV 7KH LQFUHDVLQJ
DYDLODELOLW\RIVHTXHQFHGDWDDQGZKROHJHQRPHVHTXHQFHV
ZLOOKHOSWKHGLVFRYHU\RIVXLWDEOHPDUNHUVIRUPXOWLORFXV
JHQRW\SLQJ 7KH  O LPLWHG DEL O L W\  WR SURSDJDWH
CryptosporidiumVSSLQFXOWXUHDQGWKHODFNRITXDQWLWDWLYH
PROHFXODU PHWKRGV IRU DVVHVVPHQW RI KXPDQ LQIHFWLYLW\
SRWHQWLDOVSHFLHVYLDELOLW\RILVRODWHVLQIRRGZDWHUDQG
HQYLURQPHQWDOVDPSOHVKDPSHUULVNDVVHVVPHQWV
3UHYHQWLRQDQGFRQWUROPHDVXUHVLQFOXGHSHUVRQDOK\JLHQH
HIIHFWLYH VDQLWDWLRQ DQG GULQNLQJ ZDWHU SURWHFWLRQ DQG
WUHDWPHQW7KHUHLVDODFNRIHIIHFWLYHVSHFLILFWKHUDS\DQG
QRYDFFLQH
0HPEHUVRIWKHJHQXVCryptosporidium DUHHXNDU\RWLF
SURWR]RDQ SDUDVLWHV WKDW LQIHFW HSLWKHOLDO FHOOV LQ WKH
PLFURYLOOXVERUGHURIWKHJDVWURLQWHVWLQDOWUDFWRIDOOFODVVHV
RI YHUWHEUDWHV Cryptosporidium KDV EHHQ UHFRJQL]HG DV
RQHRIWKHPRVWFRPPRQHWLRORJLFDODJHQWVRIZDWHUERUQH
GLVHDVH
1.0  Epidemiology  of  the  Disease  and
Pathogen(s)
1.1 Global Burden of Disease
6LQFHWKHHPHUJHQFHRICryptosporidium DVDKXPDQ
SDWKRJHQ LQ  LWV JOREDO GLVWULEXWLRQ KDV EHHQ
UHFRJQL]HGEXWZHDUHVWLOOOHDUQLQJDERXWWKHVHYHULW\RI
GLVHDVH LH FU\SWRVSRULGLRVLV WUXH SUHYDOHQFH DQG
LPSDFWRQKXPDQDQGDQLPDOKHDOWK,QWKLVSDUDVLWH
ZDVLQFOXGHGLQWKH:RUOG+HDOWK2UJDQL]DWLRQއV1HJOHFWHG
'LVHDVHV ,QLWLDWLYH 6DYLROL HW DO  DFNQRZOHGJLQJ
LGHQWLILHGOLQNVWRSRYHUW\WKHGLVSURSRUWLRQDWHHIIHFWRQ
\RXQJDQGPDOQRXULVKHG FKLOGUHQLPSDLULQJJURZWKDQG
GHYHORSPHQW DQGHIIHFW RQLPPXQRFRPSURPLVHGSHRSOH
6WXGLHVXQGHUWDNHQXVLQJLPSURYHGGLDJQRVWLFDVVD\VKDYH
UHYHDOHG WKDW WKH FRQWULEXWLRQ RI Cryptosporidium  WR
FKLOGKRRGPRUELGLW\DQGPRUWDOLW\LVVLJQLILFDQWDQGKDYH
HVWDEOLVKHG Cryptosporidium  DPRQJ WKH PRVW LPSRUWDQW
LQIHFWLRXV FDXVHV RI PRGHUDWHWRVHYHUH GLDUUKRHD ZLWK
ORQJWHUP FOLQLFDO LPSDFWV FRJQLWLYH GHILFLW DQG VRFLR
HFRQRPLFLPSDFW6KLUOH\HWDO.RWORIIHWDO
.KDOLOHWDO
)RUH[DPSOHLQ,QGLDSRVLWLYLW\UDWHVIRUCryptosporidium
GLDJQRVWLF WHVWV UDQJLQJIURPWRKDYHEHHQ
UHSRUWHG DPRQJ SHRSOH LQ FRPPXQLWLHV DQG DWWHQGLQJ
KHDOWKFDUHVHWWLQJV7RJHQHUDWHDQQXDOQDWLRQDOHVWLPDWHV
RIWKHEXUGHQRIGLDUUKRHDKRVSLWDOL]DWLRQDQGPRUWDOLW\LQ
FKLOGUHQXQGHUWZR\HDUVRIDJHWKHDJHJURXSZLWKWKH
KLJKHVWSUHYDOHQFHGDWDIURPVWXGLHVLQ9HOORUHKDYHEHHQ
H[WUDSRODWHGWRWKHZKROHSRSXODWLRQ6DUNDUHWDO
7KHVH HVWLPDWHV VXJJHVW WKDW HDFK \HDU GXH WR
FU\SWRVSRULGLRVLVRQHLQHYHU\WRFKLOGUHQZLOOKDYHDQ
HSLVRGHRIGLDUUKRHDWRPLOOLRQHSLVRGHVQDWLRQDOO\
LQHYHU\WRFKLOGUHQZLOOEHKRVSLWDOL]HGWR
WKRXVDQGKRVSLWDOLVDWLRQVQDWLRQDOO\DQGLQHYHU\
 WR  FKLOGUHQ ZLOO GLH  WR  WKRXVDQG
GHDWKVQDWLRQDOO\6DUNDU$MMDPSXUHWDO
7KH*OREDO(QWHULF0XOWLFHQWHU6WXG\*(06LVWKHODUJHVW
SURVSHFWLYHVWXG\RIGLDUUKRHDOPRUELGLW\DQGPRUWDOLW\LQ
FKLOGUHQWRGDWH.RWORIIHWDO,WZDVGHVLJQHGDVD
ORQJLWXGLQDOFDVHށFRQWUROVWXG\GXULQJWKHILUVW\HDUVRI
WKH OLYHV RI  FKLOGUHQ ZLWK PRGHUDWH WR VHYHUH
GLDUUKRHDDQGFRQWUROFKLOGUHQZLWKRXWGLDUUKRHD
LQ  VLWHV LQ VXE6DKDUDQ $IULFD DQG 6RXWK (DVW $VLD
Cryptosporidium ZDVIRXQGWREHRQHRIWKHOHDGLQJFDXVHV
RI DQG ZDV VLJQLILFDQWO\ DVVRFLDWHG ZLWK PRGHUDWHWR
VHYHUHGLDUUKRHDLWZDVWKHRQO\JDVWURLQWHVWLQDOSDWKRJHQ
DVVRFLDWHGZLWKDQLQFUHDVHGULVNRIGHDWKLQFKLOGUHQDJHG
WRPRQWKV
%\H[WUDSRODWLQJWKH*(06GDWDDQHQRUPRXVEXUGHQRI
&U\SWRVSRULGLXPGLVHDVHKDVEHHQLGHQWLILHGWKHHVWLPDWHG
DQQXDOQXPEHURICryptosporidiumDWWULEXWDEOHGLDUUKRHD
FDVHVLQFKLOGUHQDJHGPRQWKVZDVPLOOLRQLQVXE
6 D K D U D Q  $ I U L F D  D Q G      P L O O L R Q  L Q  W K H
,QGLD3DNLVWDQ%DQJODGHVK1HSDO$IJKDQLVWDQ UHJLRQV
OHDGLQJ WR D FRPELQHG a Cryptosporidium
DWWULEXWDEOH GHDWKV 6RZ HW DO 
+RZHYHU WKH JOREDO VLJQLILFDQFH RI FU\SWRVSRULGLRVLV LV
ZLGHVSUHDGDQGIDUUHDFKLQJ,WLVDOVRQRZXQGHUVWRRGWKDW
WKHFDXVHRIGLDUUKRHDLQORZLQFRPHFRXQWULHVIUHTXHQWO\
FRPSULVHVPXOWLSOHSDWKRJHQVZLWKCryptosporidium DVRQH
RI WKHPRVW LPSRUWDQW HQWHULF SDWKRJHQV6KLUOH\ HW DO
2QHLPSOLFDWLRQLVWKDWWKHFKDOOHQJHVWKLVSDUDVLWH
SUHVHQWVIRUFRQWUROLQGULQNLQJZDWHUVHHEHORZQHHGWR
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EH FRQVLGHUHG ZKHQ JHQHUDO FRQWURO PHDVXUHV IRU
GLDUUKRHDO LOOQHVV DUH SXW LQ SODFH
6\PSWRPV
'LDUUKRHD  LV  WKH PRVW FRPPRQ V\PSWRP RI
FU\SWRVSRULGLRVLVEXWLWVPDQLIHVWDWLRQYDULHVDFFRUGLQJWR
WKHFOLQLFDO KLVWRU\IRUWKHSHUVRQDIIHFWHGDQGGLIIHUHQW
V\QGURPHV WHQG WR EH VHHQ LQ WKUHH EURDG SRSXODWLRQV
&KDSSHOOHWDO&KDSSHOOHWDO&KDOPHUVDQG
'DYLHV
3HRSOH ZKR DUH RWKHUZLVH KHDOWK\ DQG LPPXQH
FRPSHWHQWH[SHULHQFHSURORQJHGZDWHU\GLDUUKRHD
RI VXGGHQ RQVHW DEGRPLQDO SDLQ QDXVHD DQG
YRPLWLQJ DQG ORZJUDGH IHYHU 7KHVH V\PSWRPV
XVXDOO\ODVWXSWRWZRZHHNVEXWFDQODVWIRUXSWR
IRXUZHHNVDQGDUHXOWLPDWHO\VHOIOLPLWLQJ'XULQJ
WKLVWLPHV\PSWRPVPD\VWRSRQO\WRUHVWDUWDJDLQ
DGD\RUVRODWHU6LJQLILFDQWZHLJKWORVVFDQRFFXU
7KLV LV WKH V\PSWRP PRVW FRPPRQO\ VHHQ LQ
FKLOGUHQ DQG DGXOWV LQ PLGGOH DQG KLJKLQFRPH
FRXQWULHV
0DOQRXULVKHG \RXQJ FKLOGUHQ  \HDUV RI DJH
H[SHULHQFHPRGHUDWHWRVHYHUHGLDUUKRHDWKDWFDQ
EHSHUVLVWHQWDQGUHVXOWLQLQFUHDVHGPRUELGLW\DQG
PRUWDOLW\7KLVLVWKHV\QGURPHRIWHQVHHQLQORZ
LQFRPHFRXQWULHV
6HYHUHO\ LPPXQRFRPSURPLVHG LQGLYLGXDOV PD\
VXIIHU FKURQLF VHYHUH GLDUUKRHD RI ODUJH YROXPH
VRPHWLPHV!/SHUGD\WKDWLVKDUGWRFRQWURO
DQGLVRIWHQDVVRFLDWHGZLWKSURIRXQGZHLJKWORVV
DQG SURVWUDWLRQ DQG LQFUHDVHG PRUELGLW\ DQG
PRUWDOLW\$WPRVWULVNDUHSHRSOHZLWKDFTXLUHG7
FHOOLPPXQHGHILFLHQF\HJDGYDQFHG+,9LQIHFWLRQ
RUFRQJHQLWDO7FHOO LPPXQHGHILFLHQF\DQGWKRVH
ZLWK KHPDWRORJLF PDOLJQDQFLHV SDUWLFXODUO\
FKLOGUHQ &RPSOLFDWLRQV LQFOXGH SDQFUHDWRELOLDU\
FU\SWRVSRULGLRVLV ZKLFK PD\ UDUHO\ OHDG WR
VFOHURVLQJFKRODQJLWLVDQGOLYHUFLUUKRVLVREVHUYHGLQ
SDWLHQWV IURP LQGXVWULDOL]HG FRXQWULHV 3XOPRQDU\
FU\SWRVSRULGLRVLVLVDOVRDUDUHFRPSOLFDWLRQ
,Q DGGLWLRQ WR WKH JDVWURLQWHVWLQDO V\QGURPH XVXDOO\
VHHQ SXOPRQDU\ FU\SWRVSRULGLRVLV PD\ EH DQ XQGHU
GLDJQRVHG GLVHDVH LQ FKLOGUHQ ZLWK GLDUUKRHD DQG
XQH[SODLQHG FRXJK 0RU HW DO 
$V\PSWRPDWLFFDUULDJH
$ V \PS W RPD W L F  F D U U L D J H  R F F X U V  L Q  E R W K
LPPXQRFRPSHWHQW DQG LPPXQRFRPSURPLVHG SDWLHQWV
&OD\WRQHWDOEXWKDVEHHQPDLQO\LQYHVWLJDWHGDQG
GHPRQVWUDWHG DPRQJ \RXQJ FKLOGUHQ LQ ORZ DQG KLJK
LQFRPHFRXQWULHV $V\PSWRPDWLF FDUULDJHPD\SUHVHQW D
ULVN RI RQZDUG WUDQVPLVVLRQ ZKHUH K\JLHQH LV SRRU
&DUULDJHUDWHVRIWRKDYHEHHQIRXQGLQFURVV
VHFWLRQDOVWXGLHVRILPPXQRFRPSHWHQWFKLOGUHQLQFKLOGFDUH
VHWWLQJVLQ )UDQFH 6SDLQ WKH8QLWHG.LQJGRPDQGWKH
8QLWHG 6WDWHV &RUGHOO DQG $GGLVV  'DYLHV HW DO
$ELUWKFRKRUWVWXG\RIFKLOGUHQLQWKHILUVWWZR\HDUV
RIOLIHLQDVKDQW\WRZQLQ/LPD3HUXLGHQWLILHG
 UHFUXLWV ZLWK DV\PSWRPDWLF Cryptosporidium
LQIHFWLRQVZKLFKZHUHIRXQGWREHDVVRFLDWHGZLWKSRRU
JURZWK &KHFNOH\ HW DO    LQGLFDWLQJ WKDW
DV\PSWRPDWLFLQIHFWLRQDOVRFDXVHVDQLPSRUWDQWEXUGHQRI
GLVHDVH
6HTXHODH
7KHFRQVHTXHQFHVRILQIHFWLRQZLWKCryptosporidium DUH
RQO\MXVWEHJLQQLQJWREHXQGHUVWRRG$VVRFLDWLRQVEHWZHHQ
CryptosporidiumPDOQXWULWLRQDQGGHILFLWVLQWKHJURZWK
DQGFRJQLWLYHGHYHORSPHQWRI \RXQJFKLOGUHQKDYHEHHQ
LGHQWLILHG 0ºOEDN HW DO  $JQHZ HW DO 
&KHFNOH\HWDO*XHUUDQWHWDO0RQGDOHWDO
DQGDF\FOHRILQIHFWLRQDQGLPSDLUPHQWEHFRPHV
HVWDEOLVKHG,W FDQEHGLIILFXOW WRWHOO IURPVRPHVWXGLHV
ZKHWKHU PDOQXWULWLRQ LV SDUW RI WKH VHTXHODH RU LV D
FDXVDWLYHIDFWRULQLQIHFWLRQLQIDFWERWKPD\EHWUXH2QH
VWXG\ RI D ELUWK FRKRUW LQ %DQJODGHVK IRXQG WKDW
PDOQXWULWLRQOLQNHGVWXQWLQJDWELUWKZDVDULVNIDFWRUIRU
VXEVHTXHQWLQIHFWLRQ0RQGDOHWDO$VWXG\LQ3HUX
IRXQGWKDWVWXQWLQJLQHDUO\FKLOGKRRGZDVDVVRFLDWHGZLWK
SHUVLVWHQW JURZWK GHILFLWV SRVWLQIHFWLRQ FRPSDUHG ZLWK
QRQVWXQWHGFKLOGUHQLQZKRPSRVWLQIHFWLRQJURZWKGHILFLWV
ZHUH WUDQVLHQW &KHFNOH\ HW DO  ,Q D VWXG\ RI
FKLOGUHQLQDIDYHODLQ%UD]LO C. hominis ZDVDVVRFLDWHG
ZLWKKHDYLHULQIHFWLRQVDQGJUHDWHUJURZWKVKRUWIDOOVHYHQ
LQ WKH DEVHQFH RI V\PSWRPV FRPSDUHG WR C.  parvum
%XVKHQHWDO,QDGGLWLRQDUHFHQWVWXG\LQ%UD]LO
KDVLGHQWLILHGWKDWGLDUUKRHDLQHDUO\FKLOGKRRGFDQFDXVH
FRJQLWLYHGHOD\VLQGHSHQGHQWO\RIPDOQXWULWLRQ3LQNHUWRQ
HWDO
7KHUHLV DOVRJURZLQJHYLGHQFHWKDWVXJJHVWVWKDWWKHUH
PD\DOVREHORQJHUWHUPKHDOWKHIIHFWVDIWHUUHVROXWLRQRI
DFXWHFU\SWRVSRULGLRVLVLQKLJKLQFRPHFRXQWULHV7KHUHDUH
UHSRUWVRIDVHURQHJDWLYHUHDFWLYHDUWKULWLVLQDGXOWV+D\
HWDO2]JXOHWDO+XQWHUHWDODQG
FKLOGUHQ6KHSKHUGHW DO LQFOXGLQJRQHUHSRUW RI
5HLWHUއVV\QGURPHDUWKULWLV FRQMXQFWLYLWLVDQGXUHWKULWLV
&URQDQG6KHUU\,QWKH8.DFDVHFRQWUROVWXG\
IRXQGWKDWFDVHVRIFU\SWRVSRULGLRVLVFDXVHGE\C. hominis
EXWQRWC. parvumZHUHPRUHOLNHO\WRH[SHULHQFHMRLQW
SDLQH\HSDLQVKHDGDFKHVDQGIDWLJXHLQWKHWZRPRQWKV
IROORZLQJLQIHFWLRQ+XQWHU HW DO  $FDVHFRQWURO
VWXG\LQ6ZHGHQ5HKQHWDODIWHUWZRZDWHUERUQH
RXWEUHDNVRIC. hominisIRXQGWKDWFDVHVZHUHPRUHOLNHO\
WKDQFRQWUROVWRUHSRUWGLDUUKRHDDEGRPLQDOSDLQDQGMRLQW
SDLQVHYHUDOPRQWKVDIWHUWKHRXWEUHDN,WKDVDOVREHHQ
VXJJHVWHG WKDW Cryptosporidium  LQIHFWLRQ PD\ FDXVH
UHODSVHVLQ&URKQއVGLVHDVHDQGXOFHUDWLYHFROLWLV0DQWKH\
HWDO6HYHUDOJDVWURLQWHVWLQDOSDWKRJHQVOHDGWRDQ
LQFUHDVHG ULVN RI GHYHORSLQJ LUULWDEOH ERZHO V\QGURPH
,%6 DQG LQ H[SHULPHQWDO LQIHFWLRQ RI UDWV C.  parvum
WULJJHG ORQJWHUP SDWKRORJLFDO FKDQJHV VLPLODU WR WKRVH
VHHQLQSDWLHQWVZLWK,%60DULRQHWDO.KDOGLHWDO

$VVRFLDWLRQV EHWZHHQ FU\SWRVSRULGLRVLV DQG FDQFHU KDYH
EHHQUHSRUWHGLQLPPXQRFRPSURPLVHGSRSXODWLRQV,QRQH
VWXG\ RI KXPDQ LPPXQRGHILFLHQF\ YLUXV +,9LQIHFWHG
SHRSOHWKHLQFLGHQFHRIFRORUHFWDOFDQFHUZDVUHSRUWHGWR
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EHKLJKHUWKDQLQWKHJHQHUDOSRSXODWLRQ3DWHOHWDO
DQG D VWXG\ RI SHRSOH ZLWK DFTXLUHG LPPXQRGHILFLHQF\
V\QGURPH $,'6 IRXQG D VLJQLILFDQWO\ KLJKHU ULVN RI
GHYHORSLQJ D FRORQ FDUFLQRPD DPRQJ WKRVH ZLWK
FU\SWRVSRULGLRVLV6KHEOHWDO,WKDVEHHQVXJJHVWHG
WKDW FKLOGUHQ ZLWK ;OLQNHG K\SHU,J0 V\QGURPH DQG
FU\SWRVSRULGLRVLVPD\EHDWJUHDWHUULVNRIGHYHORSLQJOLYHU
FDQFHU7RPL]DZDHWDO,QWZRVWXGLHVRISDWLHQWV
ZLWKFRORUHFWDOFDQFHULQ3RODQGSULRUWRFKHPRWKHUDS\WKH
SUHYDOHQFHRICryptosporidium VSSZDVFRPSDUDEOHWRWKDW
UHSRUWHG IRU SDWLHQWV ZLWK LPPXQH GHILFLHQF\ 6XO]\F
%LHOLFNDHW DO  6XO]\F%LHOLFNDHW DO  *HQH
H[SUHVVLRQVWXGLHVDQGLQGXFWLRQRIQHRSODVWLFFKDQJHVLQ
WKHGLJHVWLYHHSLWKHOLXPRIWKHPRXVHPRGHOWKDWFRQWULEXWH
WRFRORQLFFDUFLQRJHQHVLVOHQGVXSSRUWWRDQDVVRFLDWLRQRI
FU\SWRVSRULGLRVLVZLWKFDQFHULQKXPDQVDQGMXVWLI\IXUWKHU
HSLGHPLRORJLFDQGH[SHULPHQWDOVWXGLHV%HQDPURX]HWDO

(FRQRPLFLPSDFWFRVWEHQHILW
$OWKRXJK WKHUH KDV EHHQ DQ LQFUHDVLQJ IRFXV RQ
XQGHUVWDQGLQJ WKH FOLQLFDO LPSDFW RI LQIHFWLRQ ZLWK
Cryptosporidium WKH HFRQRPLF LPSDFW KDV EHHQ OLWWOH
VWXGLHGDQGKHQFHWKHUHDUHQRCryptosporidiumVSHFLILF
VWXGLHV RI WKHHFRQRPLFYDOXHRI LQWHUYHQWLRQVDLPHGDW
LPSURYLQJ ZDWHU VXSSOLHV DOWKRXJK WKH QHHG KDV EHHQ
KLJKOLJKWHG ERWK IRU GHYHORSHG DV ZHOO DV GHYHORSLQJ
FRXQWULHV %ULGJH HW DO  ,Q GHYHORSLQJFRXQWULHV
WKHUH  LV D QHHG WR  LQFUHDVHDZDUHQHVV RI ZDWHU
FRQWDPLQDWLRQE\Cryptosporidium DVDSXEOLFKHDOWKLVVXH
DQG HYHQ LQ GHYHORSHG FRXQWULHV JUHDWHU FRQVLGHUDWLRQ
QHHGVWREHJLYHQWRVPDOORUFRPPXQLW\VXSSOLHVRUPDLQV
VXSSOLHV ZKHUH Cryptosporidium  LV QRW FRQVLGHUHG
DGHTXDWHO\LQULVNDVVHVVPHQWV%ULGJHHWDO,QRQH
VWXG\+XQWHUDQGFROOHDJXHVLGHQWLILHGWKHPHGLDQDQQXDO
ULVN RI LQIHFWLRQ ZLWK Cryptosporidium  IURP YHU\ VPDOO
VXSSOLHVWREHRIށZKLFKLVVXEVWDQWLDOO\JUHDWHU
WKDQIRU SXEOLF VXSSOLHVDQGZHOO DERYHWKDW FRQVLGHUHG
WROHUDEOH+XQWHUHWDO 2QHGLIILFXOW\LVWKDWWKH
UHSRUWHGUDWHRILOOQHVVLVPXFKORZHUHVSHFLDOO\LQDGXOWV
SHUKDSVUHVXOWLQJIURPLQFUHDVHGLPPXQLW\LQWKRVHZKR
GULQN ZDWHU IURP SULYDWH VXSSOLHV EXW WKLV GRHV QRW
DFNQRZOHGJH WKH ULVN WR \RXQJ FKLOGUHQ IURP WKHVH
VXSSOLHV +XQWHU DQG FROOHDJXHV DOVR XQGHUWRRN D FRVW
EHQHILWV DQDO\VLV RI LQWHUYHQWLRQV IRU WKH SUHYHQWLRQ RI
DFXWHGLDUUKRHDOGLVHDVHDQGSRVWLQIHFWLRXV,%6DOWKRXJK
QRWVSHFLILFDOO\IRUCryptosporidium +XQWHUHWDO
7KH\FRQFOXGHGWKDWWKHFRVWEHQHILWUDWLRZDVSRVLWLYHDQG
LQFUHDVHG ZKHQ,%6ZDV LQFOXGHG 7KH LPSDFW RI DFXWH
GLVHDVHDQGWKHLPSDFWRIFKURQLFGLVHDVHQHHGWREHWDNHQ
LQWRDFFRXQWDVZHOODVWKHFRVWVRILQYHVWLJDWLQJRXWEUHDNV
)RUH[DPSOHWKHFLW\RI0LOZDXNHHLQWKH86$ZDVDIIHFWHG
E\DCryptosporidium RXWEUHDNLQUHVXOWLQJIURPD
GULQNLQJZDWHU ILOWHU IDLOXUH 7KH RXWEUHDN LQIHFWHG DQ
HVWLPDWHGDQGOHGWRWKHGHDWKRISHRSOHDWD
WRWDOFRVWRI86PLOOLRQ&RUVRHWDO
1.2 Taxonomic Classification of the Agent(s)
7UDGLWLRQDOO\WKHJHQXVCryptosporidium ZDVFODVVLILHG
EDVHG RQ VLPLODULWLHV LQ OLIH F\FOH VWUXFWXUH DQG
XOWUDVWUXFWXUH RI WKH SDUDVLWH 7KLV RULJLQDOO\ SODFHG
Cryptosporidium LQDJURXSNQRZQDVWKHFRFFLGLDLQWKH
SK\OXP Apicomplexa FODVV Sporozoasida VXEFODVV
Coccidiasina RUGHUEucoccidiorida VXERUGHUEimeriorina
IDPLO\ Cryptosporidiidae  )D\HU DQG 8QJDU  7KH
FRFFLGLDDUHREOLJDWHLQWUDFHOOXODUSDUDVLWHVZKLFKPHDQV
WKH\QHHGWROLYHDQGUHSURGXFHZLWKLQDKRVWDQLPDOFHOO
2WKHUKXPDQLQIHFWLYHH[DPSOHVRI$SLFRPSOH[DQVLQFOXGH
Toxoplasma gondiiDQGCyclospora cayetanensis+RZHYHU
Cryptosporidium VDWXQHDVLO\LQWKLVFODVVLILFDWLRQDVPDQ\
RI LWV RWKHUIHDWXUHVDUHQRW W\SLFDO RI WKHFRFFLGLD IRU
H[DPSOHEHFDXVHCryptosporidium RRF\VWVފPDWXUHދZLWKLQ
WKH KRVW DQG DUH H[FUHWHG VSRUXODWHG UHLQIHFWLRQ RU
DXWRLQIHFWLRQFDQRFFXUWKHORFDWLRQRIWKHSDUDVLWHLQWKH
KRVWFHOOLVGLIIHUHQWLQWUDFHOOXODUEXWH[WUDF\WRSODVPDWLF
DQG SHUKDSV PRVW LPSRUWDQWO\ Cryptosporidium  LV
UHVLVWDQWWRWUHDWPHQWZLWKDQWLFRFFLGLDOGUXJV%DUWDDQG
7KRPSVRQ*DUFLD$OMDURHWDO
,QPDQ\DVSHFWVCryptosporidium LVPRUHOLNHWKHJURXSRI
RUJDQLVPV NQRZQ DV WKH JUHJDULQHV LQ WKH FODVV
GregarinomorpheaVXFKDVLQWKHZD\LWGHULYHVQXWULHQWV
IURP WKH KRVW WKURXJK D IHHGHU RUJDQHOOH %DUWD DQG
7KRPSVRQ  7KHHYLGHQFHIRU UHFODVVLILFDWLRQIURP
PRUSKRORJLFDO ELRORJLFDO DQGELRFKHPLFDO GDWDKDVEHHQ
IXUWKHUVWUHQJWKHQHGE\ZKROHJHQRPHFRPSDULVRQV5\DQ
HWDO7KHFODVVGregarinomorphea KDVQRZEHHQ
UHYLVHG WR LQFOXGH D QHZ VXEFODVV Cryptogregaria
FRQWDLQLQJDVLQJOHQHZRUGHU&U\SWRJUHJDULGDLQWRZKLFK
WKH IDPLO\ Cryptosporidiidae  KDV QRZ EHHQ SODFHG
&DYDOLHU6PLWK  5XJJLHUR HW DO   
Cryptosporidium LVFXUUHQWO\WKHRQO\JHQXVLQWKHIDPLO\
DOWKRXJK DQDO\VLV RI LVRODWHV IURP ILVK SURYLGHV VRPH
HYLGHQFHIRUDQHZJHQXVPiscicryptosporidiumEXWIXUWKHU
JHQHWLF DQG ELRORJLFDO FKDUDFWHULVDWLRQ LV QHHGHG
3DOHQ]XHOD HW DO 
7KH UHFHQWO\FRQILUPHG DELOLW\ IRU Cryptosporidium  WR
UHSURGXFHDQGPXOWLSO\LQDFXOWXUHHQYLURQPHQWIUHHRI
DQLPDO KRVW FHOOV KDV \HW WR EHUHSRUWHGRXWVLGHRI WKH
RSWLPDOFRQGLWLRQVLQWKHODERUDWRU\DQGWKHLPSOLFDWLRQV
IRUJURZWKWUDQVPLVVLRQSXEOLFKHDOWKDQGZDWHUTXDOLW\
PDQDJHPHQWDUHDV\HWQRWNQRZQ5\DQHWDO
+LVWRULFDOO\ PDQ\ Cryptosporidium VSHFLHV ZHUH QDPHG
EDVHG RQ WKH DVVXPSWLRQ WKDW WKH\ ZHUH KRVWVSHFLILF
)D\HUHWDO +RZHYHUZKLOHWKHUHPD\EHVRPH
GHJUHH RI KRVW DGDSWLRQ IRU PRVW VSHFLHV VWULFW KRVW
VSHFLILFLW\LVUDUH$WWKHWLPHRIZULWLQJWKHUHDUHDWOHDVW
VSHFLHVZLWKIRUPDOO\GHVFULEHGELRORJLFDODQGJHQHWLF
FKDUDFWHULVWLFVRIZKLFKKDYHEHHQUHSRUWHGLQKXPDQV
ZRUOGZLGH5\DQHWDO=DKHGLHWDO&RQGORYD
HWDO.YDFHWDO=DKHGLHWDOE1RWDOO
VSHFLHVSRVHDKXPDQKHDOWKWKUHDW7DEOH DQGLW LV
XVHIXOLQVRXUFHZDWHUWHVWLQJWRNQRZZKLFKDUHSUHVHQWWR
LQIRUP ULVN DVVHVVPHQWV Cryptosporidium  hominis  DQG
Cryptosporidium parvum DUHWKHPDMRUKXPDQSDWKRJHQLF
VSHFLHV RI Cryptosporidium  DQG KDYH ZRUOGZLGH
GLVWULEXWLRQ;LDR7KHWUDQVPLVVLRQRIC. parvumLQ
KXPDQVLV PRVWO\ DQWKURSRQRWLFLQGHYHORSLQJFRXQWULHV
ZLWK ]RRQRWLF LQIHFWLRQV SOD\LQJ DQ LPSRUWDQW UROH LQ
GHYHORSHG FRXQWULHV ;LDR  /DUJH GULQNLQJ ZDWHU
Cryptosporidium spp.
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DVVRFLDWHG FU\SWRVSRULGLRVLV RXWEUHDNV KDYH EHHQ
UHFRJQL]HG LQ (XURSH $XVWUDOLD DQG 1RUWK $PHULFD
(IVWUDWLRXHWDO  ,QDGGLWLRQ C. hominis LV PRVW
SUHYDOHQWLQPRVWGHYHORSLQJFRXQWULHVZKHUHDVC. parvum
LVPRUHSUHYDOHQWLQWKH0LGGOH(DVW:KHUHC. parvumKDV
EHHQIRXQGLQGHYHORSLQJFRXQWULHVWKLVLVIUHTXHQWO\DQ
DQWKURSRQRWLFJHQRW\SH6RZHWDO  DVSUHYLRXVO\
PHQWLRQHG LQGLFDWLQJ WKDW FRQWUROOLQJ DQG HOLPLQDWLQJ
KXPDQFRQWDPLQDWLRQDUHLPSRUWDQWSURWHFWLRQPHDVXUHV
D LPHG D W  UHGXF LQJ  WKH SXE O L F KHD O WK  U L VN R I
FU\SWRVSRULGLRVLV 7KH OLIH F\FOH VWDJH VRXJKW LQ URXWLQH
WHVWLQJLV WKHRRF\VWEXWWKHVHGRQRWGHILQHVSHFLHVDV
PDQ\RIWKHRRF\VWVL]HVDUHVLPLODU7DEOHDQGWKH\
FDQQRW EH GLIIHUHQWLDWHG IURP HDFK RWKHU E\ DQWLJHQ
GHWHFWLRQ 0ROHFXODU PHWKRGV GHWHFWLQJ '1$ VHTXHQFH
YDULDWLRQVDUHWKHUHIRUHQHFHVVDU\WRGLIIHUHQWLDWHVSHFLHV
9DULDQWV GHWHFWHG E\ VHTXHQFLQJ WKH VPDOO VXEXQLW
ULERVRPDO668U51$JHQHIURPLVRODWHVIRUZKLFKIXUWKHU
ELRORJLFDOGDWDDUHODFNLQJDUHUHIHUUHGWRDVJHQRW\SHVQRW
VSHFLHVDQGDUHRIWHQQDPHGDIWHUWKHKRVWLQZKLFKWKH\
ZHUHILUVWGHWHFWHG)D\HUHWDO7KHZRUGJHQRW\SH
LV DOVR XVHG WR GHVFULEH YDULDQWV GHWHFWHG DW RWKHU ORFL
ZLWKLQGHILQHGVSHFLHV
Table 1. Formally described Cryptosporidium species, their oocyst sizes, major hosts and reported human
infections
Cryptosporidium species
Mean Oocyst
Dimensions
(µm)a
Major Host(s) Reported Human Infection
C. andersoni [ &DWWOH <HVEXWUDUH
C. aviumSUHYLRXVO\DYLDQJHQRW\SH9 [ %LUGV 1R
C. apodemi [ 5RGHQWV 1R
C. baileyi [ 3RXOWU\ 1R
C. bovisSUHYLRXVO\ERYLQH%JHQRW\SH [ &DWWOH <HVEXWUDUH
C. canisSUHYLRXVO\GRJJHQRW\SH [ 'RJ <HVRFFDVLRQDO
C. cuniculusSUHYLRXVO\UDEELWJHQRW\SH [ 5DEELWKXPDQV <HVRFFDVLRQDO2QHGULQNLQJZDWHURXWEUHDNUHSRUWHG
C. ditrichi [ 5RGHQWV 1R
C. ducismarci 15 7RUWRLVHV 1R
C. erinacei [ +HGJHKRJ <HVEXWUDUH
C. fayeriSUHYLRXVO\PDUVXSLDOJHQRW\SH
, [ 0DUVXSLDOV <HVEXWUDUH
C. felis [ &DW <HVRFFDVLRQDO
C. fragile [ %ODFNVSLQHGWRDG 1R
C. galli [ &KLFNHQ 1R
C. homai 1RWREVHUYHG *XLQHDSLJ 1R
C. hominisSUHYLRXVO\C. parvumKXPDQ
JHQRW\SHJHQRW\SHDQGJHQRW\SH+ [ +XPDQV
<HVFRPPRQ2XWEUHDNVDUH
UHSRUWHGIUHTXHQWO\
C. huwiSUHYLRXVO\piscine JHQRW\SH [ *XSS\ 1R
C. macropodumSUHYLRXVO\PDUVXSLDO
JHQRW\SH,, [ (DVWHUQJUH\NDQJDURR 1R
C. meleagridis [ %LUGVPDPPDOV
<HVUDUHWRFRPPRQGHSHQGLQJ
RQWKHVHWWLQJ2QHIDUPUHODWHG
DQGRQHVFKRROUHODWHGRXWEUHDN
UHSRUWHG
C. molnari [ 6HDEUHDP 1R
C. muris [ 5RGHQWV <HVEXWRQO\UDUHO\
C. occultus [ 5RGHQWV 1R
C. parvumSUHYLRXVO\ERYLQH
JHQRW\SHJHQRW\SH,,DQGJHQRW\SH% [
+XPDQVSUHZHDQHG
PDPPDOLDQOLYHVWRFN
<HVFRPPRQ2XWEUHDNVDUH
UHSRUWHGIUHTXHQWO\
C. proliferans [ 5RGHQWV 1R
C. ryanaeSUHYLRXVO\GHHUOLNHJHQRW\SH [ &DWWOH 1R
C. rubeyi [ *URXQGVTXLUUHOV 1R
C. scrofarumSUHYLRXVO\SLJJHQRW\SH,, [ 3LJ <HVEXWUDUH
C. serpentis [ 5HSWLOHV 1R
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Cryptosporidium species
Mean Oocyst
Dimensions
(µm)a
Major Host(s) Reported Human Infection
C. suisSUHYLRXVO\SLJJHQRW\SH, [ 3LJ <HVEXWUDUH
C. tyzzeriSUHYLRXVO\PRXVHJHQRW\SH, [ 0LFH <HVEXWUDUH
C. ubiquitumSUHYLRXVO\FHUYLQH
JHQRW\SHFHUYLGJHQRW\SH:
JHQRW\SHRUJHQRW\SH
[ 9DULRXVPDPPDOV <HVRFFDVLRQDO
C. viatorum [ +XPDQV <HVRFFDVLRQDO
C. varanii
V\QC. saurophilum [ 5HSWLOHV 1R
C. wrairi [ *XLQHDSLJ 1R
C. xiaoi SUHYLRXVO\&ERYLVOLNHJHQRW\SH
RUC. bovisIURPVKHHSRUC. agni) [ 6KHHSJRDW 1R
151RW5HSRUWHG
'LIIHUHQW W\SHV RI PROHFXODU GLDJQRVWLF WRROV KDYH EHHQ
XVHG LQ WKH LGHQWLILFDWLRQ RI Cryptosporidium  VSS DQG
UHYLVHGLQGHWDLOHOVHZKHUH5\DQHWDO7KHVHWRROV
FDQEHFDWHJRUL]HGLQWRJHQRW\SLQJVXEW\SLQJPXOWLORFXV
W\SLQJSRSXODWLRQ JHQHWLFV DQG FRPSDUDWLYH JHQRPLFV
GHSHQGLQJ RQ WKH DSSURDFKHV DQG XVDJHV 7KHVH KLJKO\
GLVFULPLQDWRU\ PROHFXODU WHFKQLTXHV DOORZ LQWUDVSHFLILF
GLIIHUHQWLDWLRQRIC. parvumDQGC. hominisZKLFKOHDGVWR
WKH LGHQWLILFDWLRQ RI PDQ\ VXEW\SH IDPLOLHV DQG PDQ\
VXEW\SHV Z L WK LQ HDFK  VSHF LHV  6XEW\S LQJ R I
Cryptosporidium  VSHFLHV VSHFLILFDOO\ C.  hominis DQG C.
parvum FDQ SURYLGH FODULW\ RI PRGH RI WUDQVPLVVLRQ LQ
DGGLWLRQ WR EHLQJ LPSRUWDQW HSLGHPLRORJLFDO WRROV
HVSHFLDOO\ LQ RXWEUHDN VLWXDWLRQV .LQJ HW DO 
1.3 Transmission
3HRSOHEHFRPHLQIHFWHGZLWKCryptosporidium HLWKHUE\
GLUHFW FRQWDFW ZLWK RWKHU LQIHFWHGSHRSOH DQWKURSRQRWLF
WUDQVPLVVLRQ DQLPDOV ]RRQRWLF WUDQVPLVVLRQ RU E\
LQJHVWLRQ RI FRQWDPLQDWHG IRRG RU ZDWHU IRRGERUQH RU
ZDWHUERUQH WUDQVPLVVLRQ )D\HU  ;LDR DQG )HQJ
 &KDOPHUV  5\DQHW DO  =DKHGL HW DO
 6KULYDVWDYD HW DO  3XPLSXQWX DQG 3LUDWDH
5\DQHWDO6WXGLHVLQWKH8QLWHG6WDWHVDQG
(XURSH KDYH LQGLFDWHG WKDW GLUHFW SHUVRQWRSHUVRQ RU
DQWKURSRQRWLF WUDQVPLVVLRQ RI FU\SWRVSRULGLRVLV LV PRUH
FRPPRQ;LDR7KHUROHRI]RRQRWLFWUDQVPLVVLRQLQ
WKH DFTXLVLWLRQ RI FU\SWRVSRULGLRVLV LQ KXPDQVKDV EHHQ
H[DPLQHG E\ D IHZ FDVHFRQWURO VWXGLHV +XQWHU HW DO
 /DNH HW DO  &RQWDFW ZLWK IDUP DQLPDOV
HVSHFLDOO\FDWWOHKDVEHHQLGHQWLILHGDVDPDMRUULVNIDFWRU
IRU VSRUDGLF FU\SWRVSRULGLRVLV LQ LQGXVWULDOL]HG FRXQWULHV
+XQWHUHWDO3ROORFNHWDO%UDQNVWRQHWDO

7KHLQIHFWLRXVGRVHYDULHVEHWZHHQLVRODWHVRI WKHVDPH
VSHFLHV DQG EHWZHHQ GLIIHUHQW VSHFLHV EXW LV ORZ WR
UHODWLYHO\ ORZ IRU ERWK C.  parvum DQG C.  hominis
UHVSHFWLYHO\7KHUHLVDFKDQFHRILQIHFWLRQZLWKDVLQJOH
RRF\VW&KDSSHOOHWDO%HQDPURX]HWDO,Q
KXPDQYROXQWHHUVWXGLHVDPHGLDQLQIHFWLRXVGRVHIRUC.
hominisUDQJHGIURPWRRRF\VWVDQGIRUC. parvum
IURPEHORZWRRYHURRF\VWV2NKX\VHQHWDO
&KDSSHOOHWDO+XPDQFKDOOHQJHVWXGLHVKDYHDOVR
HVWDEOLVKHGVXVFHSWLELOLW\WRLQIHFWLRQDQGLOOQHVVIURPQRQ
&SDUYXPVSHFLHV&KDSSHOOHWDO9ROXQWHHUVZKR
WRRN SDUW LQ WKH VWXG\ UHFHLYHG DQ RRF\VW GRVH RI C.
meleagridis WKDW ZRXOG OLNHO\ EH PXFK KLJKHU WKDQ
HQFRXQWHUHG LQ D FRPPXQLW\ VHWWLQJ 1HYHUWKHOHVV WKH
GLDUUKHDOLOOQHVVWKDWWKH\H[SHULHQFHGZDVVLPLODUWRWKH
LOOQHVV UHSRUWHG LQ QDWXUDOO\ DFTXLUHG C.  meleagridis
LQIHFWLRQZKLFKLQWXUQZDVLQGLVWLQJXLVKDEOHIURPLOOQHVV
FDXVHGE\C. parvumRUC. hominis
,QDGGLWLRQHSLGHPLRORJLFDOVWXGLHVKDYHVKRZQWKDWWKH
JHRJUDSKLFDO GLVWULEXWLRQV RI Cryptosporidium  VSS YDU\
DURXQGWKHZRUOGC. hominisLVPRUHSUHYDOHQWLQ1RUWK
DQG6RXWK$PHULFD$XVWUDOLDDQG$IULFDZKLOHC. parvum
LVORFDOL]HGPRUHLQ(XURSHHVSHFLDOO\LQWKH8.&DFFLR

5RXWHVRIWUDQVPLVVLRQ
Cryptosporidium  PDLQO\ LQIHFWV WKH JDVWURLQWHVWLQDO
WUDFWDQGWKHRRF\VWVWDJHLVVKHGLQWKHIHFHV7KHVHWKLFN
ZDOOHG KDUG\ RRF\VWV FRQWDLQ WZRLQIHFWLRXV VSRUR]RLWHV
ZKLFKHPHUJHH[F\VWLQWKHJXWDIWHURRF\VWVDUHLQJHVWHG
7KH VSRUR]RLWHV LQIHFW WKH FHOOV OLQLQJ WKH JXW EHIRUH
WUDQVIRUPLQJLQWR OLIH F\FOH VWDJHVHQDEOLQJDVH[XDO DQG
VH[XDOUHSURGXFWLRQWKHODWWHUUHVXOWLQJLQWKHIRUPDWLRQRI
RRF\VWV FRQWDLQLQJ LQIHFWLRXV VSRUR]RLWHV 7KXV ZKHQ
RRF\VWV DUH VKHG LQ IHFHV WKH\ DUH DOUHDG\ VSRUXODWHG
2RF\VWV LQ IHFHV VOXUU\ IDUP ZDVWHV RU VHZDJH PD\
FRQWDPLQDWHIRRGHJUDZPLONYHJHWDEOHVZDWHUHJ
VXUIDFHZDWHUVUHFUHDWLRQDOZDWHUVDQGIRPLWHVHJGLUW\
IDUPJDWHVERRWVXWHQVLOV)D\HUDQG8QJDU)D\HU
HWDO7KHKDUG\RRF\VWVFDQVXUYLYHGULQNLQJZDWHU
WUHDWPHQWSURFHVVHVWKH\PD\QRWEHUHPRYHGE\ILOWUDWLRQ
LILWKDVQRWEHHQGHVLJQHGIRUWKHLUUHPRYDODQGWKH\DUH
QRW NLOOHGE\UHJXODU FKORULQDWLRQ%HWDQFRXUW DQG5RVH
Cryptosporidium spp.
8
 7KH\ FDQ DOVR VXUYLYH ZDVWHZDWHU WUHDWPHQW
*HQQDFFDURHWDO4XLQWHUR%HWDQFRXUWHWDO
.LQJHWDO
7UDQVPLVVLRQRICryptosporidium LVHLWKHUGLUHFWDQLPDOWR
SHUVRQHVSHFLDOO\ZKHQSHRSOHKDYHFRQWDFWZLWKOLYHVWRFN
RU SHUVRQWRSHUVRQVXFKDV LQ KRXVHKROGV RU GD\ FDUH
VHWWLQJVWKURXJKIHFHVRIWHQIURPKDQGWRPRXWKFRQWDFW
HVSHFLDOO\LQ\RXQJFKLOGUHQRULQGLUHFWYLDDFRQWDPLQDWHG
YHKLFOHVXFKDVZDWHURUIRRGVXFKDVUDZPLONDQGOHDI\
JUHHQYHJHWDEOHV)D\HUHWDO%RXUTXHDQG9LQHW]
5\DQHWDO,QDGGLWLRQWRWKHPRUHUHFRJQLVHG
IDHFDORUDO URXWH LQKDODWLRQ RI RRF\VWV LQ GURSOHWV IURP
IHFHV RU DVSLUDWLRQ RI JDVWURLQWHVWLQDO FRQWHQWV GXULQJ
YRPLWLQJ PD\ FDXVH UHVSLUDWRU\ FU\SWRVSRULGLRVLV
6SRQVHOOHU HW DO 
2IWKHWZRCryptosporidium VSHFLHVWKDWFDXVHPRVWKXPDQ
FDVHV RI FU\SWRVSRULGLRVLV C.  hominis LV WUDQVPLWWHG
EHWZHHQ SHRSOH DQWKURSRQRWLF ZKHUHDV C.  parvum  LV
WUDQVPLWWHG IURP OLYHVWRFN DQLPDOV ]RRQRWLF RU SHRSOH
;LDR  5\DQ HW DO  $OWKRXJKC.  parvum LV
VRPHWLPHV IRXQG LQ FRPSDQLRQ DQLPDOV WKH\ JHQHUDOO\
KDUERXU RWKHU Cryptosporidium  VSHFLHV 7DEOH  DQG
RFFDVLRQDOO\WUDQVPLVVLRQLVUHSRUWHGIURPFDWVC. felis
DQGGRJVC. canis/XFLR)RUVWHUHWDO6LPLODUO\
ZLOGOLIHKDUERXUVDUDQJHRICryptosporidium VSHFLHVDQG
JHQRW\SHVPDQ\RIZKLFKKDYHQRWEHHQLGHQWLILHGLQKXPDQ
LQIHFWLRQV7DEOH$SSHOEHHHWDO;LDRDQG)D\HU
DOWKRXJKC. cuniculusIURPUDEELWVKDVFDXVHGD
ZDWHUERUQHRXWEUHDNLQWKH8.&KDOPHUVHWDO
$JOREDOUHYLHZRISXEOLVKHGZDWHUERUQHRXWEUHDNVFDXVHG
E\SDUDVLWLFSURWR]RDEHWZHHQ-DQXDU\DQG'HFHPEHU
UHSRUWHGWKDWZHUHFDXVHGE\Cryptosporidium
%DOGXUVVRQ DQG .DUDQLV  (IVWUDWLRX HW DO 
7KHUHZDVDUHSRUWLQJELDVWRZDUGV$XVWUDODVLD$XVWUDOLD
1HZ =HDODQG DQG VRPH QHLJKERXULQJ LVODQGV 1RUWK
$PHULFD DQG (XURSH ZKHUH VXUYHLOODQFH V\VWHPV DUH
HVWDEOLVKHG $OWKRXJK PRVW ZDWHUERUQH RXWEUHDNV DUH
FDXVHGE\C. parvum RUC. hominis LW LVOLNHO\WKDWDQ\
KXPDQ LQIHFWLYH Cryptosporidium  VSHFLHV FRXOG EH
WUDQVPLWWHG WKURXJK GULQNLQJ ZDWHU LI LW EHFRPHV
FRQWDPLQDWHG)RUH[DPSOHDQRXWEUHDNLQWKH8.LQ
ZDV FDXVHG E\ C.  cuniculus ZKHQ D UDEELW HQWHUHG D
FKORULQHFRQWDFWWDQNDWDZDWHUWUHDWPHQWZRUNV3XOHVWRQ
HWDO
+LV WRU LFD O O\   WKHUH KDV EHHQ DQ HPSKDV LV RQ
Cryptosporidium DVDZDWHUERUQHSDWKRJHQSHUKDSVWRWKH
GHWULPHQWRIIRFXVRQRWKHUSUREDEO\LPSRUWDQWURXWHVRI
WUDQVPLVVLRQ SDUWLFXODUO\ IRRG (LJKWHHQ RXWEUHDNV
LGHQWLILHG 5REHUWVRQ DQG &KDOPHUV  KDYH EHHQ
OLQNHGWRIRRGLQFOXGLQJUDZYHJHWDEOHVDQGVDODGLWHPV
KHUEV UDZPHDW XQSDVWHXULVHGPLONDQGGDLU\SURGXFWV
DQGDSSOHMXLFH7KHUHLVDOVRDELDVWRZDUGVFRXQWULHVZLWK
HQKDQFHG VXUYHLOODQFH DQG LQYHVWLJDWLRQ RI FDVHV LQ WKH
LGHQWLILFDWLRQRIIRRGERUQHRXWEUHDNVRIFU\SWRVSRULGLRVLV
)RRG FRQWDPLQDWLRQ PD\ EH IURP IHFHV RU ZDWHU XVHG
GXULQJ IRRG SURGXFWLRQ SURFHVVLQJ RU SUHSDUDWLRQ
%HFDXVHCryptosporidium RRF\VWVDUHKDUG\WKH\DUHDEOH
WRVXUYLYHVRPHSURFHVVLQJWUHDWPHQWVLQFOXGLQJFKORULQH
EDWKVXVHGIRUZDVKLQJIUHVKSURGXFHDQGEODVWIUHH]LQJ
'XKDLQHWDO6WDQGDUGPHWKRGVIRUWKHGHWHFWLRQRI
Cryptosporidium LQDQ\IRRGVWXII ZHUHRQO\SXEOLVKHGLQ
 IRU OHDI\ JUHHQ YHJHWDEOHV DQG EHUU\ IUXLWV ,62
1DWXUDOFRQWDPLQDWLRQRIIRRGKDVEHHQLGHQWLILHG
XVLQJPHWKRGVVLPLODUWRWKLVVWDQGDUGHVVHQWLDOO\LQYROYLQJ
DWKUHHVWDJHSURFHVVLHOXWLRQRIRRF\VWVIURPWKHVXUIDFH
 L L  FRQFHQWUDWLRQ DQG UHPRYDO  IURP GHEULV E\
LPPXQRPDJQHWLFVHSDUDWLRQDQGLLLGHWHFWLRQRIRRF\VWV
E\LPPXQRIOXRUHVFHQFHPLFURVFRS\,)$
6DPSOHVXUYH\VXVLQJPHWKRGVEDVHGRQWKLVRXWOLQHKDYH
UHSRUWHG Cryptosporidium  RRF\VWV LQ SURGXFH IURP
FRPPHUFLDOGLVWULEXWRUVLQ1RUZD\ZKHUHRIOHWWXFHDQG
 R I PXQJ EHDQ  VS URX W V ZHUH SRV L W L Y H  I R U
Cryptosporidium  5REHUWVRQ DQG *MHUGH  2WKHU
SURGXFH IRXQG SRVLWLYH IRU RRF\VWV KDV LQFOXGHG OHDI\
JUHHQV&KLQHVHFDEEDJH/ROORURVVROHWWXFHDQG
 5RPDLQH OHWWXFH IURP D JURZHU LQ 6SDLQ ZKHUH
LUULJDWLRQ ZDWHU DW WKH VLWH ZDV FRQWDPLQDWHG ZLWK
Cryptosporidium $PRURVHWDOSOXVORFDOO\JURZQ
SURGXFHIURPIDUPHUVPDUNHWVLQ3RODQGZKHUHRQHOHHN
VDPSOHRQHFHOHU\VDPSOHDQGIRXUFDEEDJHVDPSOHVZHUH
SRVLWLYH 5]H]XWND HW DO  ,QGXVWU\ ZDVKLQJ
SURFHGXUHV PD\ QRW UHPRYH FRQWDPLQDWLQJ RRF\VWV QRW
RQO\EHFDXVHWKH\DGKHUHWRVXUIDFHVEXWWKH\PD\DOVREH
HPEHGGHGLQWKHVWRPDWDORSHQLQJVRIOHDYHV0DFDULVLQHW
DO
5HVHUYRLUV
Cryptosporidium VSS LQIHFW D ZLGH UDQJH RI DQLPDO
KRVWVRIGLIIHUHQWFODVVHVEXWPDLQUHVHUYRLUVRIKXPDQ
LQIHFWLYH Cryptosporidium  VSS DUH PDPPDOV 7DEOH 
$OWKRXJKC. hominisDQGRQHRIWKHDQWKURSRQRWLFVXEW\SHV
RIC. parvum,,FKDYHEHHQIRXQGLQDQLPDOVWKLVLVQRW
FRPPRQDQGWKHUHVHUYRLUVIRUKXPDQLQIHFWLRQVHHPWREH
VROHO\KXPDQVLQGHYHORSHGFRXQWULHV7KHPDLQUHVHUYRLUV
RI]RRQRWLFC. parvumDUH\RXQJUXPLQDQWVFDWWOHVKHHS
JRDWVDQGWKHSUHYDOHQFHRILQIHFWLRQLVRIWHQKLJK6DQWLQ
$GGLWLRQDOO\WKHUHLVSOHQW\RIHSLGHPLRORJLFDODQG
JHQRW\SLQJGDWDWKDWVXSSRUWWKHWUDQVPLVVLRQRIC. parvum
IURPDQLPDOVWRKXPDQV)HOWXVHWDO;LDR
5\DQHWDO&DPHOLGVFDQDOVREHLQIHFWHGZLWKC.
parvum=DKHGLHWDOD0DQ\FRXQWU\ZLGHVWXGLHV
KDYHVKRZQWKHRFFXUUHQFHRIC. parvumRQPRVWLIQRWDOO
IDUPVZKHUHPDQ\DQLPDOVZLWKLQWKHKHUGRUIORFNEHFRPH
LQIHFWHG ,QIHFWLRQ PD\ QRW EH V\PSWRPDWLF DQG HYHQ
KHDOWK\ODPEVKDYHEHHQVKRZQWRVKHGQXPEHUVRIRRF\VWV
LQ WKHRUGHU RI PDJQLWXGHVHHQLQ V\PSWRPDWLF DQLPDOV
3ULWFKDUG HW DO  7KHUH LV KXJH SRWHQWLDO IRU
HQYLURQPHQWDOFRQWDPLQDWLRQLWKDVEHHQHVWLPDWHGWKDWDQ
LQIHFWHGFDOIPLJKWVKHGDURXQG[RRF\VWVGXULQJDQ
LQIHFWLRQ8JDHWDO0RUHRYHULQGLVHDVHHQGHPLF
DUHDVFOLQLFDOPDQLIHVWDWLRQVRIFU\SWRVSRULGLRVLVLQKHDOWK\
SRSXODWLRQV FDQ EH DWWULEXWHG WR GLIIHUHQW VSHFLHV RI
Cryptosporidium HJC. canisC felisC. meleagridisDQG
VXEW\SHIDPLOLHVRIC. hominis&DPDHWDO
+RZHYHU WKHUH DUH H[FHSWLRQV LQ VRPH VHWWLQJV
Cryptosporidium LVUDUH)RUH[DPSOHDODUJHVFDOHVWXG\RI
Cryptosporidium spp.
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GDLU\FDOYHVLQ7DQ]DQLDIDLOHGWRFRQILUPWKHSUHVHQFHRI
Cryptosporidium E\,)$DQG3&5&KDQJ
DHWDO 
,QWHUHVWLQJO\RQHVWXG\LQ6FRWODQG8.QRWRQO\IRXQGD
KLJKSUHYDOHQFHLQFDOYHVEXWDOVRLQDGXOWFDWWOHZKHQODUJH
YROXPHVRIIHFHVZHUHVFUHHQHGE\3&5:HOOVHWDO
,W LV WKHUHIRUH LPSRUWDQW WKDW ULVN DVVHVVPHQWV DUH
VXSSRUWHG E\ ORFDO LQIRUPDWLRQ ,Q DGGLWLRQ SRLQW
SUHYDOHQFHDQGORQJLWXGLQDOVWXGLHVKDYHGRFXPHQWHGDJH
UHODWHGSDWWHUQVRICryptosporidium VSHFLHVLQGDLU\FDWWOH
VXJJHVWLQJWKDWSDUDVLWHILWQHVVPD\SOD\DQLPSRUWDQWUROH
LQWUDQVPLVVLRQRI FU\SWRVSRULGLRVLV DPRQJFDWWOH DQGLQ
]RRQRWLFLQIHFWLRQV6DQWLQHWDO)D\HUHWDO
;LDRHWDO)RULQVWDQFHC. parvumKDVEHHQIRXQG
LQ D KLJK QXPEHUV RI \RXQJ PRQRJDVWULF FDOYHV EXW LQ
UHODWLYHO\IHZFDOYHVDIWHUZHDQLQJZKHQWKH\FRQYHUWWR
UXPHQDO QXWULWLRQ )D\HU HW DO  ,Q FRQWUDVW WKH
QXPEHURIFDWWOHIRXQGLQIHFWHGZLWKC. bovisC. ryanae
DQG C. andersoniLQFUHDVHVLPPHGLDWHO\DIWHUZHDQLQJDQG
WKHQGHFUHDVHVVWHDGLO\DVFDWWOHDSSURDFKPDWXULW\
,QFXEDWLRQSHULRG
7KH KXPDQ LQFXEDWLRQ SHULRG EHWZHHQ LQJHVWLRQ RI
RRF\VWVDQGRQVHWRIV\PSWRPVLVXVXDOO\WRGD\VZLWK
WRGD\VPRVWFRPPRQDQGLVLQIOXHQFHGE\WKHQXPEHU
RIRRF\VWVLQJHVWHGKRVWLPPXQHUHVSRQVHVDQGRWKHUKRVW
IDFWRUV &KDSSHOO HW DO  2RF\VWV DUH XVXDOO\
GHWHFWDEOHLQVWRROVWRGD\VDKHDGRIRQVHWRIV\PSWRPV
&KDOPHUVDQG'DYLHV
3HULRGRIFRPPXQLFDELOLW\
,QIHFWLRXV VSRUXODWHG Cryptosporidium  RRF\VWV DUH
H[FUHWHG ZLWK IHFHV DQG WKHUHIRUH DUH LPPHGLDWHO\
LQIHFWLYH DOORZLQJ WKH VSUHDG RI LQIHFWLRQ WR RWKHU
VXVFHSWLEOHKRVWV%RX]LGHWDO
7KHV\PSWRPVRIDFXWHFU\SWRVSRULGLRVLVFDQEHSURORQJHG
XVXDOO\ODVWLQJDERXWWZRZHHNVEXWVRPHWLPHVDPRQWK
7KHV\PSWRPVPD\UHODSVHDQGUHPLWLQDERXWRQHWKLUGRU
PRUHRIFDVHV0DF.HQ]LHHWDO+XQWHUHWDO
2RF\VWV DUH XVXDOO\ GHWHFWHG LQ DOO VWRROV GXULQJ WKH
GLDUUKRHDSKDVHEXWPD\QRWEHGHWHFWDEOHLQDOOVHTXHQWLDO
VWRROV GXULQJ UHFXSHUDWLRQ RU DV\PSWRPDWLF LQIHFWLRQ
&KDSSHOOHWDO&KDOPHUVDQG&DFFLR(YHQ
WKH VHQVLWLYH LPPXQRIOXRUHVFHQW PLFURVFRS\ WHVW KDV D
UHSRUWHGWKUHVKROGRIGHWHFWLRQRI! RRF\VWVSHUJRI
VWRROZLWK[RRF\VWVSHUJRIVWRROXQOLNHO\WREH
VHHQ :HEHU HW DO  6LPLODU WR \RXQJ FDOYHV
V\PSWRPDWLFFKLOGUHQVKHGKLJKQXPEHUVRIRRF\VWV,QD
VWXG\LQDIDYHODLQ%UD]LOFKLOGUHQZLWKC. hominisVKHG
VLJQLILFDQWO\PRUHRRF\VWVPORIVWRRO[RRF\VWVPO
UDQJH[ށ[RRF\VWVPOWKDQFKLOGUHQZLWKC.
parvum  [  RRF\VWVPO UDQJH  [ ށ [ 
RRF\VWVPO3 %XVKHQHWDO
,QVRPHSDWLHQWV RRF\VW VKHGGLQJKDVEHHQUHSRUWHGWR
FRQWLQXH IRU ZHHNV DIWHU UHFRYHU\ -RNLSLL DQG -RNLSLL
6\PSWRPDWLFSDWLHQWVSRVHPRUHRIDQLQIHFWLRQULVN
EHFDXVHGLDUUKRHLFVWRROVDUHOHVVHDV\WRFRQWDLQEXWHYHQ
DV\PSWRPDWLF VKHGGLQJ PD\ FDXVH FRQWDPLQDWLRQ IRU
H[DPSOHWKURXJKVZLPPLQJSRROV DQGZLOO FRQWULEXWHWR
RRF\VWVLQKXPDQZDVWHDQGZDVWHZDWHUCryptosporidium
RRF\VWV DUH KDUG\ DQG UHVLVWDQW WR PDQ\ HQYLURQPHQWDO
SUHVVXUHV VXUYLYDO LV ODUJHO\ GHSHQGHG RQ PRLVWXUH
FRQGLWLRQVWHPSHUDWXUHDQGH[SRVXUHWR89OLJKW
3RSXODWLRQVXVFHSWLELOLW\
Cryptosporidium LV UHFRJQL]HGDV D OHDGLQJFDXVHRI
FKLOGKRRGGLDUUKHDDURXQGWKHZRUOGUHYHDOHGE\WKHODUJH
*OREDO (QWHULF 0XOWLFHQWHU 6WXG\ *(06 0PEDJDDQG
+RXSW,QDGGLWLRQWRFKLOGUHQ\RXQJHUWKDQ\HDUV
ROG Cryptosporidium  LV SDUWLFXODUO\ SUREOHPDWLF LQ WKH
LPPXQRFRPSURPLVHG0PEDJDDQG+RXSW6WXGLHV
KDYHVKRZQWKDWKHDOWK\DGXOWVDUHVXVFHSWLEOHWRLQIHFWLRQ
ZLWKVPDOOQXPEHUVRICryptosporidium RRF\VWVUHVXOWLQJ
LQVHOIOLPLWHGLQIHFWLRQ2NKX\VHQHWDO  $QLPDOV
DQG KXPDQV ZLWK LQWDFW LPPXQH V\VWHPV DUH W\SLFDOO\
FDSDEOH RI FOHDULQJWKH SDUDVLWH ZLWKLQ ށ ZHHNV DIWHU
LQIHFWLRQ&KDSSHOOHWDO,QGHYHORSLQJFRXQWULHV
FU\SWRVSRULGLRVLVLVPRVWSUHYDOHQWGXULQJHDUO\FKLOGKRRG
ZLWKDVPDQ\DVRIFKLOGUHQH[SHULHQFLQJWKHGLVHDVH
EHIRUHWKHDJHRI\HDUV9DOHQWLQHU%UDQWKHWDO
7KHUHIRUH WKUHH PDLQ HSLGHPLRORJLFDO VFHQDULRV IRU
Cryptosporidium KDYHEHHQGHVFULEHGL VSRUDGLFRIWHQ
ZDWHUUHODWHG RXWEUHDNV RI VHOIOLPLWLQJ GLDUUKHD LQ
RWKHUZLVH KHDOWK\ SHUVRQV  FKURQLF OLIHWKUHDWHQLQJ
LOOQHVVLQLPPXQRFRPSURPLVHGSDWLHQWVPRVWQRWDEO\WKRVH
ZLWK+,9$,'6DQGGLDUUKHDDQGPDOQXWULWLRQLQ\RXQJ
FKLOGUHQLQGHYHORSLQJFRXQWULHV0RUDQG7]LSRUL
7KH KLJKHVW EXUGHQ RI Cryptosporidium  LQIHFWLRQ LV LQ
GHYHORSLQJFRXQWULHVDQGUHFHQWVWXGLHVFRQFOXGHGWKDWWKH
PRVW IUHTXHQWO\ UHSRUWHG ULVN IDFWRUV LQ WKHVH VHWWLQJV
LQFOXGHRYHUFURZGLQJKRXVHKROGGLDUUKRHDSRRUGULQNLQJ
ZDWHUTXDOLW\DQLPDOFRQWDFWRSHQGHIHFDWLRQODFNRIWRLOHW
DQGEUHDVWIHHGLQJ%RX]LGHWDO
1.4 Population and Individual Control Measures
+\JLHQHPHDVXUHV
7KUHH PDLQ FDWHJRULHV RI LQIHFWLRQ SUHYHQWLRQ DQG
FRQWURO PHDVXUHV WR SUHYHQW WKH VSUHDG RI LQIHFWLRXV
GLVHDVHVKDYHEHHQLGHQWLILHGLWKRVHWKDWGHFUHDVHKRVW
VXVFHSWLELOLW\LLWKRVHWKDWLQFUHDVHKRVWUHVLVWDQFHDQG
LLLWKRVHWKDWGHFUHDVHKRVWH[SRVXUHWRLQIHFWLRXVDJHQWV
7KHPRVWHIIHFWLYHDQGRIWHQWKHPRVWSUDFWLFDODSSURDFKLV
GHFUHDVLQJ H[SRVXUH ,I D KRVW GRHV QRW HQFRXQWHU D
SDUWLFXODUSDWKRJHQRULIH[SRVXUHFDQEHOLPLWHGWRDOHYHO
EHORZWKHLQIHFWLRXVGRVHWKHQGLVHDVHVLPSO\FDQQRWRFFXU
$QGHUVRQ
Cryptosporidium LVKLJKO\FRQWDJLRXVDQGFDQEHIRXQGLQ
ZDWHUIRRGVRLOKDQGVDQGPDWHULDOVRUVXUIDFHVWKDWKDYH
EHHQ FRQWDPLQDWHG ZLWK WKH H[FUHWHG IDHFDO PDWWHU RI
KXPDQVDQGDQLPDOVLQIHFWHGZLWKWKHSDUDVLWH3UDFWLFLQJ
JRRGKDQGK\JLHQHLVDQHIIHFWLYHPHWKRGLQSUHYHQWLQJWKH
VSUHDGRIFU\SWRVSRULGLRVLVVLQFHWKHWUDQVPLVVLRQRIWKH
GLVHDVHW\SLFDOO\RFFXUVWKURXJKWKHIDHFDORUDOURXWH+DQG
ZDVKLQJZLWK VRDSDQGKRW ZDWHU EHIRUH SUHSDULQJDQG
HDWLQJ IRRG DIWHU GHIHFDWLRQ RU FKDQJLQJ GLDSHUV DQG
FOHDQLQJXSDIWHURWKHUVZLWKGLDUUKRHDRUDIWHUFRQWDFW
ZLWKGRPHVWLFRUIDUPDQLPDOVLVWKHVLPSOHVWPRVWEDVLF
Cryptosporidium spp.
10
LQWHUYHQWLRQVDQLWDWLRQIRUSUHYHQWLRQRIWKHGLVHDVH%OHDFK
VROXWLRQV DQG KDQG VDQLWL]HUV WKDW FRQWDLQ HWKDQRO RU
LVRSURSDQRO DV WKH DFWLYH PLFURELFLGH DUH QRW HIIHFWLYH
DJDLQVWCryptosporidium %DUEHHHWDO 0F'RQQHOO
DQG5XVVHOO
'XULQJIRRGSUHSDUDWLRQDQGFRQVXPSWLRQKDQGK\JLHQH
IRRGVDIHW\DQGKDQGZDVKLQJWHFKQLTXHVDUHNH\IDFWRUVLQ
SUHYHQWLQJ WKH VSUHDG RI FU\SWRVSRULGLRVLV DQG RWKHU
HQWHULF GLVHDVHV :DVKLQJ RU SHHOLQJ UDZ IUXLW DQG
YHJHWDEOHV WKRURXJKO\ EHIRUH HDWLQJ DQG DYRLGLQJ
XQSDVWHXULVHG PLON DQG IUXLW MXLFHV FRQVWLWXWH LPSRUWDQW
PHDVXUHV LQ WKH SUHYHQWLRQ RI FU\SWRVSRULGLRVLV )RRG
KDQGOLQJ HPSOR\HHV H[SHULHQFLQJ GLDUUKRHD RU RWKHU
JDVWURLQWHVWLQDO V\PSWRPV VKRXOG DYRLG ZRUNLQJ LQ IRRG
VHUYLFHVVFKRROVDQGRWKHUJURXSVHWWLQJV
,QWUHDWHGUHFUHDWLRQDO ZDWHUYHQXHV VXFKDVVZLPPLQJ
SRROVGHYHORSLQJDQGDSSO\LQJUREXVWDGPLQLVWUDWLYHDQG
HQJLQHHULQJ FRQWUROV DUH LPSHUDWLYH WR UHGXFLQJ WKH
OLNHOLKRRGRIDCryptosporidium RXWEUHDN&RQFHQWUDWLRQVRI
FKORULQHFXUUHQWO\UHFRPPHQGHGIRUSRROZDWHUPJ/
GRQRWLQDFWLYDWHCryptosporidium RRF\VWVLQDWLPHIUDPH
WKDW SUHYHQWV LQJHVWLRQH[SRVXUHV 0XUSK\HW DO 
6XSSHVHWDO,WLVKLJKO\UHFRPPHQGHG6XSSHVHW
DO  WKDW SRRO IDFLOLWLHV GHYHORS RU DGRSW SROLFLHV
H[FOXGLQJOLIHJXDUGVDQGVZLPPHUVH[SHULHQFLQJGLDUUKHD
IURPHQWHULQJSRROZDWHU,QDGGLWLRQSRROVZLWKKLJKXVH
E\FKLOGUHQVKRXOGGHYHORSRUDGRSWSURWRFROVWKDWLPSURYH
IDHFDOUHOHDVHLGHQWLILFDWLRQWHFKQLTXHV6ZLPPHUVFDQEH
H[SRVHGWR&U\SWRVSRULGLXPRRF\VWVEHIRUHFRQWDPLQDWHG
ZDWHULVILOWHUHGDQGGLVLQIHFWHGLIVWDIIDUHXQDZDUHRID
IDHFDOUHOHDVH7KHUHIRUHSRROIDFLOLWLHVVKRXOGWUDLQstaff WR
UHFRJQL]H IDHFDO UHOHDVHV DQG HGXFDWH SDWURQV RQ WKH
LPSRUWDQFHRIUHSRUWLQJUHOHDVHV
5HFUHDWLRQDO DFFHVV WR GULQNLQJ ZDWHU FDWFKPHQWV LV D
VHULRXVSXEOLF KHDOWKULVNDQGWKHUHIRUHSROLFLHVOLPLWLQJ
DFWLYLWLHVWRWKHRXWHUFDWFKPHQWVKRXOGEHVXSSRUWHGWR
DYRLG FRQWDPLQDWLRQ RI GULQNLQJ ZDWHU VXSSOLHV
/RJDQDWKDQ HW DO  ,Q DGGLWLRQ DJULFXOWXUDO
FRPPXQLWLHVDFWLYHLQFDWWOHUDQFKLQJLQFOXGLQJEHHIFRZ
FDOIRSHUDWLRQVZKHUHDQLPDOVWHQGWREHPRUHFRQILQHG
UHSUHVHQ W  D  VH U L RXV SXE O L F KHD O WK  FRQFHUQ 
&U\SWRVSRULGLRVLVLVDVLJQLILFDQWPDQXUHUHODWHGGLVHDVH
WKHUHIRUHWKHSRWHQWLDOIRUFRQWDPLQDWLRQRIZDWHUDQGIRRG
VXSSOLHVE\FRPPHUFLDOO\UHOHYDQWPDQXUHLVODUJH5XQRII
IURPDJULFXOWXUDOODQGWKDWKDVEHHQWUHDWHGZLWKPDQXUH
KDVWKHSRWHQWLDOWRFRQWDPLQDWHORFDOVXUIDFHZDWHUDQG
ZHOOV WKDW VXSSO\ ZDWHU IRU KXPDQ FRQVXPSWLRQ 7KH
UHVRXUFHPDQDJHPHQWRIWKHDJULFXOWXUDOZDVWHVWUHDPLV
LPSRUWDQW WR UHGXFH HQYLURQPHQWDO HIIHFWV HQKDQFH
DJULFXOWXUDO \LHOGV DQG FUHDWH YLDEOH EHVW PDQDJHPHQW
SODQV%HVWPDQDJHPHQWSUDFWLFHVWRDOOHYLDWHERWKQXWULHQW
DQGPLFURELDOFRQWDPLQDWLRQPXVWEHIROORZHGWRUHGXFH
SXEOLF KHDOWK HIIHFWV )RU LQVWDQFH UHVLGXDOV IURP
DJULFXOWXUDO DFWLYLWLHV PXVW EH SURFHVVHG DGHTXDWHO\ WR
HQVXUHWKHSURWHFWLRQRIWKHDQLPDOVSURGXFLQJWKHPDQXUH
WKHSXEOLFWKDWPD\EHH[SRVHGWRWKHVHZDVWHVDQGWKH
HQYLURQPHQW
$OWKRXJK WKH LPSDFW RI FOLPDWH RQ WKH WUDQVPLVVLRQ RI
GLDUUKHDO SDWKRJHQV UHPDLQV XQFHUWDLQ VHYHUDO VWXGLHV
KDYHVKRZQWKDWKLJKWHPSHUDWXUHVDQGUDLQIDOOLQFUHDVH
WKHULVNRI ZDWHUERUQHHQWHULF GLVHDVHV2QR]XNDHW DO
 *X]PDQ+HUUDGRUHW DO  /HY\HW DO 
*KD]DQL HW DO  )RU LQVWDQFH VWXGLHV KDYH
GHPRQVWUDWHG WKDW FRQWDPLQDWLRQ RI GULQNLQJ ZDWHU
UHSUHVHQWHG WKH JUHDWHVW KHDOWK ULVNV DQG WKHUHIRUH
LQWHUYHQWLRQV GHVLJQHG WR LQFUHDVH GULQNLQJ ZDWHU
WUHDWPHQW ZHUH QHFHVVDU\ IROORZLQJ SHULRGV RI KHDY\
UDLQIDOO&DUOWRQHWDO6WXGLHVKDYHDOVRVKRZQWKDW
WKHULVNRILQIHFWLRXVGLVHDVHVDIWHUZHDWKHURUIORRGUHODWHG
QDWXUDO GLVDVWHUVDOWKRXJKVSHFLILF WRWKHHYHQWLWVHOI LV
KLJKO\GHSHQGHQWRQDQXPEHURI IDFWRUV 7KHVHIDFWRUV
LQFOXGHWKHHQGHPLFLW\RIVSHFLILFSDWKRJHQVLQWKHDIIHFWHG
UHJLRQEHIRUHWKHGLVDVWHUWKHW\SHRIGLVDVWHULWVHOIWKH
LPSDFWRIWKHGLVDVWHURQZDWHUDQGVDQLWDWLRQV\VWHPVDQG
WKH IXQFWLRQDOLW\ RI WKH VXUYLYLQJ SXEOLF KHDOWK
LQIUDVWUXFWXUH ,YHUV DQG 5\DQ 
'UXJWKHUDS\
&U\SWRVSRULGLRVLV LV VHOIOLPLWLQJLQ LPPXQRFRPSHWHQW
SDWLHQWVDQGWUHDWPHQWLVQRWQRUPDOO\UHTXLUHGRWKHUWKDQ
PHDVXUHVWRSUHYHQWGHK\GUDWLRQVXFKDVRUDOUHK\GUDWLRQ
VROXWLRQ ,I V\PSWRPV SHUVLVW WUHDWPHQW PRGDOLWLHV DUH
OLPLWHGRQO\QLWD]R[DQLGHLVOLFHQVHGE\WKH86)'$IRUXVH
LQ LPPXQRFRPSHWHQW SDWLHQWV ! \HDU RI DJH )R[ DQG
6DUDYRODW]  3DWLHQWV DW KLJK ULVN RI VHYHUH
FU\SWRVSRULGLRVLV LQFOXGH WKRVH ZLWK +,9 LQIHFWLRQ
OHXNHPLDDQGO\PSKRPDSDUWLFXODUO\FKLOGUHQRUWKRVH
ZLWKSULPDU\7FHOOLPPXQHGHILFLHQF\+XQWHUDQG1LFKROV
8VXDOO\RQO\LPSURYHPHQWRIWKHXQGHUO\LQJLPPXQH
FRQGLWLRQUHVXOWVLQVLJQLILFDQWLPSURYHPHQWWKHSULPDU\
WUHDWPHQWIRULPPXQRVXSSUHVVHGSDWLHQWVLVUHGXFWLRQRU
WDSHULQJRIWKHLPPXQRVXSSUHVVLRQLISRVVLEOH,QSDWLHQWV
ZLWK +,9 LQIHFWLRQ KLJKO\ DFWLYH DQWLUHWURYLUDO WKHUDS\
+$$57LVWKHWUHDWPHQWRIFKRLFHDVQRWRQO\DUHWKHOHYHO
RI&'FHOOVLPSURYHGUHVWRULQJDGHJUHHRILPPXQLW\EXW
DOVR SURWHDVH LQKLELWRUV UHGXFH KRVWFHOO LQYDVLRQ DQG
SDUDVLWHGHYHORSPHQW3R]LR$V\PSWRPDWLFFDUULDJH
RFFXUVLQERWKLPPXQRFRPSHWHQWDQGLPPXQRFRPSURPLVHG
SDWLHQWVEXWWUHDWPHQWLVQRWUHTXLUHG0RUHUHFHQWVWXGLHV
KDYH VKRZQ WKDW S\UD]RORS\ULGLQH .'8 PLJKW EH D
SURPLVLQJDQWLFU\SWRVSRULGLDOGUXJFDQGLGDWHZLWKDFWLYLW\
DJDLQVW ERWK C.  parvum DQG C.  hominis  8QOLNH
QLWD]R[DQLGH .'8 GHPRQVWUDWHG LQ YLYR HIILFDF\ LQ
LPPXQRFRPSURPLVHG PLFH $GGLWLRQDOO\ WUHDWPHQW LQ
QHRQDWD O  FD OYHV  ZK LFK F ORVH O\ PDWFKHV  WKH
SDWKRSK\VLRORJLFDODQGSKDUPDFRORJLFDOFKDOOHQJHVIDFHGLQ
WKH WUHDWPHQW RI \RXQJPDOQRXULVKHGFKLOGUHQ OHG WR D
VLJQLILFDQW GHFUHDVH LQ SDUDVLWH VKHGGLQJ DQG UDSLG
UHVROXWLRQRIGLDUUKRHDDQGGHK\GUDWLRQ0DQMXQDWKDHWDO

2.0  Environmental  Occurrence  and
Persistence
7KHUHDUHQXPHURXVDSSURDFKHVIRU WKHGHWHFWLRQRI
Cryptosporidium&RPSDULVRQRIVWXGLHVDQGXQGHUVWDQGLQJ
WKHLUVLJQLILFDQFHWRKXPDQKHDOWKULVNLVRIWHQFKDOOHQJLQJ
GXHWRWKHYDULHW\RIPHWKRGVXVHG)UHTXHQWO\PLFURVFRS\
EDVHGPHWKRGVDUHXVHGZKLFKDUHXQDEOHWRGLVFULPLQDWH
Cryptosporidium spp.
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KXPDQSDWKRJHQLFIURPDQLPDODVVRFLDWHGCryptosporidium
RRF\VWV QRU GHWHUPLQH YLDELOLW\ RU LQIHFWLYLW\ 86(3$
 86(3$  +RZHYHU PLFURVFRS\PHWKRGVDUH
VXLWDEOH IRU TXDQWLI\LQJ UHGXFWLRQV LQ Cryptosporidium
FRQFHQWUDWLRQV )LQDOO\ UHFHQWO\ GHYHORSHG PHWKRGV
LQWHJUDWLQJFHOOFXOWXUHPLFURVFRS\DQG3&5DUHFDSDEOHRI
GHWHFWLQJDQGTXDQWLI\LQJORZOHYHOVRIWRWDODQGLQIHFWLRXV
KXPDQSDWKRJHQLFCryptosporidium RRF\VWV/DODQFHWWHHW
DO/DODQFHWWHHWDO.LQJHWDOEXWIHZ
ILHOGVWXGLHVKDYHEHHQSHUIRUPHGWRGDWH7KHUHIRUHWKH
VWUHQJWKV DQG OLPLWDWLRQV RI WKH PHWKRGRORJLHV XVHG LQ
RFFXUUHQFH DQG SHUVLVWHQFH VWXGLHV PXVW EH WDNHQ LQWR
FRQVLGHUDWLRQ
2.1 Detection Methods
6WDQGDUGPHWKRGVIRUWKHGHWHFWLRQDQGHQXPHUDWLRQRI
Cryptosporidium  RRF\VWV LQ ZDWHU DQG HQYLURQPHQWDO
VDPSOHVDUHGHVFULEHGLQ,62,627KHVHDUH
VLPLODU WR WKRVH GHVFULEHG E\ WKH 8QLWHG 6WDWHV
(QYLURQPHQWDO 3URWHFWLRQ $JHQF\ 86(3$ PHWKRG 
86(3$86(3$DQGLQWKH8.WKH
(QYLURQPHQW $JHQF\ 8. (QYLURQPHQW $JHQF\ 
7KHVHPHWKRGVDUHDOOEDVHGRQWKHIROORZLQJNH\VWHSVL
ILOWUDWLRQXVXDOO\RIZDWHUYROXPHVEHWZHHQDQG
/ LL HOXWLRQ IURP WKH ILOWHU DQG FRQFHQWUDWLRQ E\
FHQWULIXJDWLRQ LLL LPPXQRPDJQHWLF VHSDUDWLRQ ,06
XVLQJSDUDPDJQHWLFEHDGVFRDWHGZLWKVSHFLILFDQWLERGLHV
WRFDSWXUHRRF\VWVDQGIDFLOLWDWHVHSDUDWLRQIURPWKHVDPSOH
PDWUL[LYVWDLQLQJZLWKDQLPPXQRIOXRUHVFHQWDQWLERG\
DQG Y GHWHFWLRQ DQG HQXPHUDWLRQ E\ HSLIOXRUHVFHQFH
PLFURVFRS\6WXGLHVKDYHVKRZQWKDWWKHSK\VLFRFKHPLFDO
DQGRUJDQLFSURSHUWLHVRIWKHVDPSOHVXFKDVWXUELGLW\S+
WKH SUHVHQFH RI LQWHUIHULQJ SDUWLFOHV DQG LQRUJDQLF
FRPSRXQGV LQIOXHQFH WKH UHFRYHU\ HIILFLHQF\ RI RRF\VWV
4XLQWHUR%HWDQFRXUW HW DO  +DOOLHU6RXOLHU DQG
*XLOORW6LQFHWKHLQWURGXFWLRQRI0HWKRGLQ
DQXPEHURIUHYLVLRQVKDYHEHHQSURSRVHGWRLPSURYH
WKHHIILFLHQF\RIRRF\VWUHFRYHU\5RFKHOOHDQG'L*LRYDQQL
'HWHFWLRQE\PLFURVFRS\LVOLPLWHGWRLGHQWLILFDWLRQ
RIWKHJHQXVDVWKHPRUSKRORJ\LVQRWVXIILFLHQWO\GLIIHUHQW
WR LGHQWLI\ VSHFLHV ,Q FRQWUDVW 3&5 PHWKRGV IRU WKH
GHWHFWLRQ RI WRWDO DQG YLDEOH KXPDQSDWKRJHQLF
Cryptosporidium  VXFK DV Cryptosporidium SURSLGLXP
PRQRD]LGH3&5DUHDYDLODEOH %UHVFLD HW DO  EXW
HYHQTXDQWLWDWLYH3&5PHWKRGVFDQQRWDFFXUDWHO\TXDQWLI\
ORZFRQFHQWUDWLRQVRIRRF\VWV6WDJJVHWDO'1$
FDQEHH[WUDFWHGIURPPDWHULDOFDSWXUHGE\,06RUIURP
PDWHULDOVFUDSHGIURPVOLGHVDIWHUPLFURVFRS\DQGWHVWHGE\
PROHFXODUPHWKRGV/H&KHYDOOLHUHWDO1LFKROVHWDO
7KHEHQFKPDUNPHWKRGLVSRO\PHUDVHFKDLQUHDFWLRQ
3&5DQGVHTXHQFLQJRIWKH668U51$JHQH;LDR6LQJK
HW DO  $ YDULHW\ RI RWKHU 3&5DVVD\V KDYH EHHQ
GHVFULEHGIRU WKHGHWHFWLRQRI FHUWDLQVSHFLHV LQFOXGLQJ
FRQYHQWLRQDO3&5UHDOWLPH3&5T3&5DQGPXOWLSOH[3&5
P3&5;LDRHWDO 6WDJJVHWDO /LHWDO
 7KHVH PHWKRGV XVXDOO\ KDYH KLJK VHQVLWLYLW\ DQG
VSHFLILFLW\ EXW WKHLU SHUIRUPDQFH RQ HQYLURQPHQWDO
VDPSOHVLVLQIOXHQFHGE\WKHSUHVHQFHRILQKLELWRUVWKDWFDQ
VXSSUHVV RU UHGXFH WKH DPSOLILFDWLRQ HIILFLHQFLHV WKXV
VWUDWHJLHV WR UHPRYH RU PLQLPL]H 3&5LQKLELWRUV GXULQJ
QXFOHLF DFLG SUHSDUDWLRQ VWHSV DUH HVVHQWLDO WR HQVXUH
RSWLPDOPHWKRGSHUIRUPDQFH3DYOLHWDO
0RVW VWXGLHV RQ WKH RFFXUUHQFH DQG UHPRYDO RI
Cryptosporidium KDYHXWLOL]HGPLFURVFRS\DQG3&5DVVD\V
ZKLFK GR QRW GHWHUPLQH YLDELOLW\ RU LQIHFWLYLW\
Cryptosporidium LQIHFWLYLW\DVVD\VKDYHW\SLFDOO\EHHQXVHG
WRDVVHVVWKHHIILFDF\RIGLVLQIHFWLRQSURFHVVHVEXWWKH\FDQ
DOVR EH XVHG WR LQIRUP ULVN DVVHVVPHQW PRGHOV E\
GHWHUPLQLQJ WKH LQIHFWLYLW\ RI RRF\VWV LQ HQYLURQPHQWDO
ZDWHU VDPSOHV 6OLINR HW DO  7KH LQIHFWLYLW\ RI
RRF\VWVUHFRYHUHGE\0HWKRGFDQEHWHVWHGLQFHOO
FXOWXUHDVVD\VE\PRGLILFDWLRQRIWKHRRF\VWPDJQHWLFEHDG
GLVDVVRFLDWLRQVWHSDWWKHHQGRIWKH,06SURFHGXUHDQG
RPLWWLQJPLFURVFRSLFH[DPLQDWLRQRIRRF\VWV/H&KHYDOOLHU
HWDO$YDULHW\RIPHWKRGVKDYHEHHQGHYHORSHGIRU
GHWHFWLQJLQIHFWLRQLQFHOO FXOWXUHDQGDVVD\VKDYHEHHQ
XVHGWRGHWHFWLQIHFWLRXV&U\SWRVSRULGLXPRRF\VWVLQUDZ
ZDVWHZDWHU GLVLQIHFWHG UHFODLPHG HIIOXHQW UDZ VRXUFH
ZDWHUWUHDWPHQWSODQWILOWHUEDFNZDVKZDWHUDQGILQLVKHG
GULQNLQJZDWHU'L*LRYDQQLHWDO*HQQDFFDURHWDO
 4XLQWHUR%HWDQFRXUW HW DO  $ER\WHV HW DO
$ER\WHVHWDO-RKQVRQHWDO
2.2 Data on Occurrence
7KLVVHFWLRQEULHIO\VXPPDUL]HVWKHJOREDORFFXUUHQFH
RICryptosporidium RRF\VWVLQXUEDQVHZDJHVXUIDFHZDWHU
JURXQG ZDWHU GULQNLQJ ZDWHU LUULJDWLRQ ZDWHUV DQG
VHDZDWHU LQFOXGLQJ VKHOOILVK KDUYHVWLQJ ZDWHUV 'DWD RQ
HQYLURQPHQWDO SHUVLVWHQFH RI Cryptosporidium  LV DOVR
SUHVHQWHGLQWKLVVHFWLRQDVDPDMRUIHDWXUHRIWKLVSDUDVLWH
ZKLFKDOORZVVXUYLYDOIRUPRQWKVLQZDWHUVRLOYHJHWDEOHV
DQG PROOXVFV WKDW EHFRPH PDMRU UHVHUYRLUV IRU KXPDQ
LQIHFWLRQ
5DZVHZDJHDQGVOXGJH
(QGHPLFOHYHOVRIFU\SWRVSRULGLRVLVLQPRVWSRSXODWLRQV
OHDG WR  WKH  IUHTXHQW ZRUOGZLGH RFFXUUHQFH RI
Cryptosporidium RRF\VWVLQUDZVHZDJH7DEOHSURYLGHV
WKHPRVWFXUUHQWFRPSUHKHQVLYHGDWDIRUJOREDORFFXUUHQFH
RICryptosporidium RRF\VWVLQUDZVHZDJH,QJHQHUDOWKH
RFFXUUHQFHRI Cryptosporidium RRF\VWV LQ XUEDQVHZDJH
ZLOO  ODUJHO\ EH DVVRFLDWHG ZLWK WKH LQFLGHQFH RI
FU\SWRVSRULGLRVLV LQ WKH SRSXODWLRQ DQG WKH OHYHO RI
VDQLWDWLRQ VHUYLFHV DYDLODEOH 3UHYDOHQFH UDWHV EDVHG RQ
RRF\VW H[FUHWLRQ YDU\ IURP DSSUR[LPDWHO\  LQ
LQGXVWULDOL]HGFRXQWULHVXSWRRUKLJKHULQGHYHORSLQJ
FRXQWULHV7KHKLJKHUSUHYDOHQFHLQGHYHORSLQJFRXQWULHVLV
OLNHO\DVVRFLDWHGZLWKODFNRIFOHDQZDWHUSRRUVDQLWDWLRQ
FURZGHG KRXVLQJ FRQGLWLRQV DQG FORVHU FRQWDFW ZLWK
GRPHVWLF DQLPDOV 'L[RQ  7KH FRQFHQWUDWLRQV RI
Cryptosporidium LQVHZDJHDQGFRUUHVSRQGLQJUHPRYDOE\
ZDVWHZDWHU WUHDWPHQW SURFHVVHV KDYH EHHQ UHYLHZHG
1DVVHU+DPLOWRQHWDO1DVVHUSUHVHQWHG
VWXGLHV IURP  FRXQWULHV VSDQQLQJ ILYH FRQWLQHQWV
LQGLFDWLQJWKDW RRF\VW SUHYDOHQFHUDQJHGIURPZKHUH
VDPSOHV FRQWDLQHGRRF\VWV EHORZWKH GHWHFWLRQOHYHO WR
 Cryptosporidium  GHWHFWHG LQ DOO VDPSOHV 7KH
DYHUDJH SUHYDOHQFH RI Cryptosporidium  RRF\VWV LQ UDZ
VHZDJH ZDV  ZLWK D FRQFHQWUDWLRQ RI RRF\VWV WKDW
UDQJHGIURPEHORZWKHGHWHFWLRQOLPLWWRDPD[LPXPRI
Cryptosporidium spp.
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 RRF\VWV/ 7KH KLJKHVW FRQFHQWUDWLRQ RI RRF\VWV
IRXQG LQ VHZDJH FRUUHVSRQGHG WR D VWXG\ FRQGXFWHG LQ
%UD]LO1HWR6DQWRVHWDO7KHGRPLQDQWYDOXHVIRU
WKH FRQFHQWUDWLRQ RI Cryptosporidium  LQ UDZ VHZDJH
UDQJHG IURP  WR  RRF\VWV/ 0RUH UHFHQW VWXGLHV
UHSRUWHG PD[LPXP FRQFHQWUDWLRQV RI  RRF\VWV/
.LQJHWDO+DPLOWRQHWDOUHSRUWHGIUHTXHQW
GHWHFWLRQ RI &U\SWRVSRULGLXP LQ VHZDJH DQG WUHDWHG
HIIOXHQWVLQGLIIHUHQWFRXQWULHV,QXQWUHDWHGVHZDJHDFURVV
DOOVWXGLHVUHSRUWLQJWKHQXPEHURISRVLWLYHVDPSOHVRI
ZHUHSRVLWLYHIRUCryptosporidium +DPLOWRQ
HWDO7KHVHGDWDLQGLFDWHWKDWCryptosporidium FDQ
EHIRXQGLQUDZVHZDJH\HDUURXQG DOWKRXJKLQGLYLGXDO
VWXGLHVKDYHUHSRUWHGGLIIHUHQWVHDVRQDOSHDNRFFXUUHQFH
Table 2. Frequency of detection and concentration of Cryptosporidium in untreated sewage
Country Sample Type Percent Positive Samples ConcentrationAverage (Range) Oocysts/L Reference
$XVWUDOLD 6HZDJH 15 WR .LQJHWDO
%UD]LO 5DZVHZDJH  WR
6DQWRVDQG
'DQLHO
%UD]LO 5DZVHZDJH  ( 1HWRHWDO
%XOJDULD 6HZDJH  WR .DUDQLVHWDO
&KLQD 6HZDJH  WR ;LDRHWDOD
*HUPDQ\ 6HZDJH  WR *DOODV/LQGHPDQQHWDO
+XQJDU\ 6HZDJH   3OXW]HUHWDO
,WDO\ 6HZDJH  sWR
&DUUDURHW
DO
1RUZD\ 6HZDJH  WR( 5REHUWVRQHWDO
6RXWK
$IULFD 6HZDJH 

WR .ILUHWDO
6SDLQ 6HZDJH  WR
&DVWUR+HUPLGD
HWDO
6SDLQ 6HZDJHLQIOXHQW  WR 5DPRHWDO
8QLWHG
.LQJGRP 6HZDJH 15 WR(
5REHUWVRQHW
DO
8QLWHG
6WDWHV 6HZDJH  WR(
*HQQDFFDURHW
DO
151RW5HSRUWHG
6WXGLHVKDYHDOVRLQGLFDWHGWKDWXSWR[RRF\VWVPD\
EHGLVFKDUJHGIURPDWUHDWPHQWSODQWGDLO\RIZKLFKDV
PDQ\DV[ PD\EHFRQVLGHUHGYLDEOH:KLWPRUHDQG
5REHUWVRQ  7R SUHYHQW WKH HQYLURQPHQWDO
WUDQVPLVVLRQRI Cryptosporidium IURPVHZDJHWUHDWPHQW
QHHGVWREHDSSOLHGWRHQVXUHWKHUHPRYDOLQDFWLYDWLRQRI
RRF\VWVLQHIIOXHQWEHIRUHGLVFKDUJH7KHIRXUFRUHVWDJHVRI
WUHDWPHQW LQFOXGH SUHOLPLQDU\ WUHDWPHQW SULPDU\
WUHDWPHQWVHFRQGDU\WUHDWPHQWDQGWHUWLDU\RUDGYDQFHG
WUHDWPHQW7KHPDLQREMHFWLYHRIFRQYHQWLRQDOZDVWHZDWHU
WUHDWPHQWLVWRUHGXFHQXWULHQWDQGFRQWDPLQDQWORDGVWR
WKHHQYLURQPHQWWKHUHE\PDLQWDLQLQJWKHKHDOWKRIDTXDWLF
HFRV\VWHPV$VHFWLRQGHVFULELQJWKHUHPRYDOHIILFLHQF\RI
Cryptosporidium  RRF\VWV E\ ZDVWHZDWHU WUHDWPHQW
SURFHVVHVLVLQFOXGHGEHORZLQWKLVFKDSWHU,QZDWHUUHXVH
DSSOLFDWLRQVFRQYHQWLRQDOWUHDWPHQWFDQEHVXSSOHPHQWHG
ZLWK DGGLWLRQDO SURFHVVHV WR DFKLHYH D TXDOLW\ WKDW LV
FRQVLVWHQWZLWKWKHLQWHQGHGXVH
6OXGJH LV D E\SURGXFW SURGXFHG GXULQJ WKH VHZDJH
WUHDWPHQWSURFHVVWKDWZKHQWUHDWHGEHFRPHVELRVROLGVWKDW
FDQ EH XVHG DV VRLO FRQGLWLRQHU LQ DJULFXOWXUH 7KH
RFFXUUHQFH RI RRF\VWV KDV EHHQ VWXGLHG LQ VOXGJH IURP
ZDVWHZDWHU WUHDWPHQW SODQWV EHIRUH DQG DIWHU GLIIHUHQW
VWDELOL]DWLRQWUHDWPHQWV$VWXG\FRQGXFWHGLQ6SDLQIRXQG
Cryptosporidium  LQ  RI WKH  UDZ VOXGJH VDPSOHV
DWDFRQFHQWUDWLRQUDQJLQJIURPWRRRF\VWVJ
Cryptosporidium spp.
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$PRUµVHWDO$QRWKHUVWXG\FRQGXFWHGLQ,UHODQG
LQGLFDWHGWKDWDOOVHZDJHVOXGJHVDPSOHVZHUHSRVLWLYHIRU
C. parvumDQGC. hominisZLWKPD[LPXPFRQFHQWUDWLRQVRI
 RRF\VWVJ LQ SULPDU\ VOXGJH LQGLFDWLQJ WKH QHHG IRU
IXUWKHUVOXGJHVDQLWL]DWLRQWUHDWPHQWV&KHQJHWDO
$QRWKHUVWXG\ZDVFRQGXFWHGWRTXDQWLWDWLYHO\GHWHUPLQH
DQGFRPSDUHWKHFRQFHQWUDWLRQVRIYLDEOHC. parvumDQGC.
hominis RRF\VWV LQ VHZDJH VOXGJH GXULQJ WKH DFWLYDWLRQ
VHFRQGDU\ WUHDWPHQW SURFHVV DQG LQ WKH FRUUHVSRQGLQJ
VHZDJHVOXGJHHQGSURGXFWV*UDF]\NHW DO  7KH
KLJKHVW FRQFHQWUDWLRQ RI Cryptosporidium  ZDV 
RRF\VWV/LQWKHDFWLYDWHGVHZDJHVOXGJHDQGWKHORZHVW
ZDVRRF\VWV/7KHFRQFHQWUDWLRQRIWKHVHWZRKXPDQ
SDWKRJHQVLQGHZDWHUHGDQGELRORJLFDOO\VWDELOL]HGVHZDJH
VOXGJHFDNHZDVRQDYHUDJHORZHUWKDQLQWKHVDPH
ZDVWHZDWHUGHULYHGVOXGJHGXULQJLWVDFWLYDWLRQSURFHVV,Q
DQRWKHU VWXG\ WKH OHYHOV DQG UHODWLRQVKLSV EHWZHHQ
Cryptosporidium DQGRWKHUSDWKRJHQVZHUHLQYHVWLJDWHGLQ
ELRVROLGV IURP QLQH ZDVWHZDWHU WUHDWPHQW SODQWV
WKURXJKRXW WKH 8QLWHG 6WDWHV Cryptosporidium  RRF\VWV
ZHUH GHWHFWHG VSRUDGLFDOO\ SRVLWLYH ZLWK D UDQJH
EHWZHHQRRF\VWVGU\J5KRGHVHWDO
6XUIDFHZDWHULQFOXGLQJUHFUHDWLRQDOZDWHU
7KH HVW LPDWHG JOREDO PHDQ SUHYDOHQFH  IRU
Cryptosporidium LQXQWUHDWHGVXUIDFHZDWHUVLVDERXW
7KHFRQFHQWUDWLRQRICryptosporidium LQVXUIDFHZDWHUVLVD
GHWHUPLQDQW IRU SUREDELOLW\ RI H[SRVXUH DQG WKH ULVN RI
GLVHDVH7RWDOJOREDOCryptosporidiumHPLVVLRQVWRVXUIDFH
ZDWHU IRU  KDYH EHHQ HVWLPDWHG WR EH   
RRF\VWVSHU\HDUZLWKKRWVSRWVLQWKHPRVWXUEDQLVHGSDUWV
RI WKH ZRUOG +RIVWUD DQG 9HUPHXOHQ  +RZHYHU
VXUIDFHZDWHUFRQFHQWUDWLRQVDUHH[SHFWHGWRFKDQJHZLWK
SRSXODWLRQJURZWKXUEDQLVDWLRQDQGFKDQJHVLQVDQLWDWLRQ
7DEOH  $ PXFKKLJKHU WRWDO JOREDO RRF\VW ORDG IURP
DQLPDOPDQXUHRIRRF\VWV\HDUWRODQGKDVEHHQ
UHFHQWO\UHSRUWHG9HUPHXOHQHWDO'XHWRKLJKO\
YDULDEOH RRF\VW RFFXUUHQFH YDULDWLRQV LQ PHWKRG
UHFRYHULHVDQGWKHHIIHFWVRIGLIIHUHQWZDWHUPDWULFHVRQ
PHWKRGGHWHFWLRQOLPLWVWKHDFWXDORFFXUUHQFHRIKXPDQ
SDWKRJHQLF Cryptosporidium RRF\VWV LQ VRXUFH ZDWHUV LV
VWLOO XQFOHDU,W LVDOVRLPSRUWDQWWRQRWHWKDWRRF\VWVLQ
VRXUFH ZDWHUV PD\ EH GHULYHG IURP PXOWLSOH VRXUFHV
LQFOXGLQJKXPDQVOLYHVWRFNDQGZLOGOLIH0DMRUVRXUFHVIRU
SURWR]RDQ FRQWDPLQDWLRQ RI VXUIDFH ZDWHU LQFOXGH WKH
LQWUXVLRQRIDQLPDOIHFHVRUZDVWHZDWHUGXHWRKHDY\UDLQV
0DQXUH PDQDJHPHQW SUDFWLFHV DUH PRUH LPSRUWDQW LQ
WHUPV RI ZDWHUVKHG FRQWDPLQDWLRQ WKDQ LQIHFWLRQ UDWHV
GHWHUPLQHGLQIDUPDQLPDOV%XGX$PRDNRHWDO 
6LQFHPDQ\RIWKHCryptosporidium VSHFLHVDQGJHQRW\SHV
DVVRFLDWHGZLWK DQLPDOV DUH QRW ]RRQRWLF KXPDQKHDOWK
LPSOLFDWLRQVDUHGLIILFXOW WRHVWLPDWHIRUVWXGLHVXWLOL]LQJ
,)$IRUWKHGHWHFWLRQRICryptosporidium RRF\VWVLQVXUIDFH
ZDWHUV 0RUHRYHU ,)$ GRHV QRW SURYLGH LQIRUPDWLRQ RQ
RRF\VWYLDELOLW\
Table 3. Occurrence of Cryptosporidium spp. in surface water and recreational waters
Country Sample Type Percent PositiveSamples
Concentration
Average (Range) Oocyst/L Reference
$XVWUDOLD
6XUIDFHVRXUFH
ZDWHU
UHFUHDWLRQDOQRQ
UHFUHDWLRQDO
WR WR /RJDQWKDQHWDO
%HOJLXP 6XEFDWFKPHQWV  WR
%XUQHWHW
DO
%HOJLXP 5LYHU  WR
%XUQHWHW
DO
%HOJLXP 5HVHUYRLU  WR
%XUQHWHW
DO
%HOJLXP ':73LQOHW  WR
%XUQHWHW
DO
%UD]LO 6XUIDFHVRXUFHZDWHU 

WR 6DWRHWDO
%XOJDULD 5LYHUZDWHU  WR .DUDQLVHWDO
&DQDGD 5LYHUZDWHU   :DOOLVHWDO
&DQDGD 5LYHUZDWHU  WR %XGX$PRDNRHWDO
&DQDGD 7KUHHZDWHUVKHGV  15 5XHFNHUHWDO
&KLQD 6XUIDFHVRXUFHZDWHU  WR )HQJHWDO
&KLQD 5HFUHDWLRQDOODNHV  WR ;LDRHWDOE
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)LQODQG 5LYHUVDQGODNHV  15 5LPKDQHQ)LQQHHWDO
)UDQFH 5HFUHDWLRQDOVXUIDFHZDWHUV  WR
&RXSHHW
DO
*HUPDQ\ 6XUIDFHVRXUFHZDWHU  
*DOODV/LQGHPDQQ
HWDO
+XQJDU\ 5LYHUV  WR 3OXW]HUHWDO
+XQJDU\ 5HVHUYRLUV   3OXW]HUHWDO
+XQJDU\ &DQDOV  WR 3OXW]HUHWDO
+XQJDU\ 5HFUHDWLRQDOVLWHV  WR 3OXW]HUHWDO
,UDQ 6XUIDFHVRXUFHZDWHU 15
D 
WR +DGLHWDO
,WDO\ /DJRRQIRUVKHOOILVKIDUPLQJ  WR(
*LDQJDVSHURHW
DO
,WDO\
6XUIDFH
ZDWHUULYHU
XSVWUHDP
 WR
&DUUDURHW
DO
,WDO\
6XUIDFH
ZDWHUGRZQVWUHDP
RIHIIOXHQW
GLVFKDUJH
 WR
&DUUDURHW
DO
1HSDO 5LYHUZDWHU 1$E 
+DUDPRWRHW
DO
1HWKHUODQGV
&DQDOVDQG
UHFUHDWLRQDOODNHV
UHFUHDWLRQDO
 WR 6FKHWVHWDO
1HWKHUODQGV
&DQDOVDQG
UHFUHDWLRQDOODNHV
QRQUHFUHDWLRQDO
 WR 6FKHWVHWDO
3HUX 5LYHUZDWHU/RFDWLRQ 

WR
%DXWLVWDHW
DO
3HUX 5LYHUZDWHU/RFDWLRQ 

WR
%DXWLVWDHW
DO
3RUWXJDO 5LYHUZDWHU  15 /RERHWDO
3RUWXJDO 5LYHUZDWHU  15 $OYHVHWDO
3RUWXJDO 5LYHUZDWHU  WR -XOLRHWDO
5RPDQLD 5LYHUZDWHU  WR ,PUHHWDO
5XVVLD 5LYHUZDWHU  WR .DUDQLVHWDO
6RXWK
$IULFD
6XUIDFHVRXUFH
ZDWHU  WR .ILUHWDO
6SDLQ 6XUIDFHVRXUFHZDWHU  WR
&DVWUR+HUPLGD
HWDO
6SDLQ 6XUIDFHZDWHUVRXUFHUHFUHDWLRQDO 

WR
&DVWUR+HUPLGD
HWDO
6SDLQ 6XUIDFHVRXUFHZDWHU 

WR 5DPRHWDO
8QLWHG
6WDWHV ':73LQOHW  
0HVVQHUDQG
:ROSHUW
8QLWHG
6WDWHV
5LYHUZDWHUVKHG
5XUDODQGXUEDQ
UXUDO
XUEDQ WR(
'UHHOLQHW
DO
8QLWHG
6WDWHV
6XUIDFHVRXUFH
ZDWHU  s .LQJHWDO
Cryptosporidium spp.
15
Country Sample Type Percent PositiveSamples
Concentration
Average (Range) Oocyst/L Reference
9HQH]XHOD ':73LQOHW  WR
%HWDQFRXUWDQG
0HQD
9LHWQDP 5LYHU  WR(
1JX\HQHW
DO
9LHWQDP :DWHUFDQDOV  WR(
1JX\HQHW
DO
D151RWUHSRUWHGE1$1RWDYDLODEOH
,QWKHILUVWVXUYH\RIRRF\VWRFFXUUHQFHLQVXUIDFHZDWHUV
VDPSOHVWKDWZHUHLPSDFWHGE\GRPHVWLFDQGDJULFXOWXUDO
ZDVWHKDGCryptosporidium FRQFHQWUDWLRQVDVKLJKDV
RRF\VWVSHUOLWHU0DGRUHHWDO$ODUJHVXUYH\RI
1RUWK$PHULFDVSDQQLQJWRUHSRUWHGWKDW
 RI  VXUIDFH ZDWHU VDPSOHV ZHUH SRVLWLYH IRU
Cryptosporidium RRF\VWV/H&KHYDOOLHUDQG1RUWRQ
ZKLOHDVWXG\FRQGXFWHGEHWZHHQDQGLQ&DQDGD
IRXQGRRF\VWV LQ RQO\ RI VXUIDFHZDWHU
VDPSOHV:DOOLVHWDO$VWXG\RIVL[86ZDWHUVKHGV
UHSRUWHGRIVDPSOHVSRVLWLYHIRURRF\VWVE\
0HWKRGDQGRIVDPSOHVSRVLWLYHIRU
LQIHFWLRXV RRF\VWV E\ FHOO FXOWXUH 3&5 &&3&5
/H&KHYDOOLHU HW DO  $ VWXG\ RI 3RUWXJXHVH ULYHU
EHDFKHV UHSRUWHG RRF\VWV LQ  RI VDPSOHV ZLWK
FRQFHQWUDWLRQVXSWRRRF\VWV/-XOLRHWDO,Q
DGGLWLRQDVWXG\RIUDZZDWHUVDPSOHVLQ&DQDGDXVLQJ
86(3$0HWKRGDSSUR[LPDWHO\/JUDEVDPSOHV
UHSRUWHG WKDW ! RI  ZDWHU VDPSOHV FRQWDLQHG
Cryptosporidium RRF\VWV5XHFNHUHWDO
5HJXODWRU\ PRQLWRULQJ SURJUDPV W\SLFDOO\ GHPRQVWUDWH
ORZHU SUHYDOHQFH WKDQ PRVW UHVHDUFK VWXGLHV 7KH ILUVW
UHJXODWRU\PRQLWRULQJRICryptosporidium LQ86ZDWHUVZDV
FRQGXFWHGXQGHUWKH86(3$އV,QIRUPDWLRQ&ROOHFWLRQ5XOH
,&52EROHQVN\DQG+RWDOLQJ2QJHUWK7KLV
VXUYH\RIXQWUHDWHGVRXUFHZDWHUVWKURXJKRXWWKH86
UHSRUWHG DQ DYHUDJH RFFXUUHQFH RI  ZLWK D PHDQ
FRQFHQWUDWLRQ RI RRF\VWV/ 0HVVQHU DQG:ROSHUW
 ,Q IROORZXS VXSSOHPHQWDU\ VXUYH\V RI IHZHU
IDFLOLWLHVRIVDPSOHVZHUHSRVLWLYHZLWKDQDYHUDJH
FRQFHQWUDWLRQ RI  RRF\VWV/ 6WDUWLQJ LQ 
PRQLWRULQJIRUCryptosporidium ZDVPDQGDWHGLQWKH86E\
WKH/RQJ7HUP(QKDQFHG6XUIDFH:DWHU7UHDWPHQW5XOH
/7 86(3$  2EROHQVN\ DQG +RWDOLQJ 
2QJHUWK  'ULQNLQJ ZDWHU IDFLOLWLHV VHUYLQJ RYHU
SHRSOHZHUHUHTXLUHGWRPRQLWRUIRURRF\VWVLQDW
OHDVWFRQVHFXWLYHPRQWKO\VDPSOHVRIUDZZDWHUXVLQJ
86(3$0HWKRG2XWRIDOPRVWVDPSOHVPRVWO\
/UDZZDWHUJUDEVDPSOHV FROOHFWHGXQGHUWKHILUVW
URXQGRI PRQLWRULQJDW VDPSOLQJVLWHVIURP
IDFLOLWLHVDFURVVWKH86VHYHQSHUFHQWFRQWDLQHGDWOHDVW
RQH Cryptosporidium  RRF\VW 2EROHQVN\ DQG +RWDOLQJ
 2QJHUWK  2YHU KDOI RI WKH IDFLOLWLHV 
UHSRUWHGQRSRVLWLYHVDPSOHVDWDOOWKURXJKRXWWKHHQWLUH
PRQLWRULQJ SHULRG ,Q RRF\VWSRVLWLYH VDPSOHV  RI
FRQFHQWUDWLRQVUDQJHGIURPRRF\VWV/WRDKLJK
RI/$WRWDORIVDPSOHVKDGFRQFHQWUDWLRQV
JUHDWHUWKDQRQHRRF\VW/7KHORFDWLRQVZLWKWKHKLJKHVW
SUHYDOHQFH RI RRF\VWV ZHUH RQ WKH 0LVVLVVLSSL 5LYHU
GRZQVWUHDP RI WKH 2KLR 5LYHU DQG 0LVVRXUL 5LYHU
FRQIOXHQFH 7KH ILUVW URXQG RI /7 PRQLWRULQJ GDWD
LQGLFDWHGWKDWDWOHDVWWUHDWPHQWSODQWVUHSUHVHQWLQJ
RIODUJHV\VWHPVLQWKH86ZHUHUHTXLUHGWRLPSOHPHQW
DGGLWLRQDO WUHDWPHQW WR LQFUHDVH RRF\VW UHPRYDO RU
LQDFWLYDWLRQ 6PDOO V\VWHP HVWLPDWHV ZHUH XQUHOLDEOH
EHFDXVH WKH GDWD UHSUHVHQWHG RQO\  RI DSSOLFDEOH
V\VWHPV 7KH GDWD DOVR LQGLFDWHG WKDW Cryptosporidium
RFFXUUHQFH ZDV KLJKHU LQ IORZLQJ VWUHDPށW\SH VXUIDFH
ZDWHU VRXUFHVFRPSDUHGZLWKUHVHUYRLUODNHW\SHVXUIDFH
ZDWHU VRXUFHV RU JURXQGZDWHU XQGHU GLUHFW LQIOXHQFH
*:8',VXSSOLHV2EROHQVN\DQG+RWDOLQJ
$OWKRXJKPXFKRIWKHHDUO\UHVHDUFKDQGUHJXODWRU\IRFXV
ZDVRQGULQNLQJZDWHUCryptosporidium KDVEHFRPHWKH
OHDGLQJFDXVHRIUHFUHDWLRQDOZDWHURXWEUHDNVLQWKH86
+ODYVDHWDO7KHVSDWLDODQGWHPSRUDOSUR[LPLW\RI
FRQWDPLQDWLQJ LQGLYLGXDOV DQG ފUHFLSLHQWދ LQGLYLGXDOV LQ
UHFUHDWLRQDO ZDWHU SDUWLFXODUO\ VZLPPLQJ SRROV PHDQV
WKDWRXWEUHDNVOLQNHGWRUHFUHDWLRQDOZDWHUSUREDEO\UHVXOW
IURP UHFHQW FRQWDPLQDWLRQ DQG VR RRF\VW VXUYLYDO LQ
UHFUHDWLRQDOZDWHULVQRWDSULPDU\LVVXH,QWKH\HDUV
VSDQQLQJ  ށ  Cryptosporidium FDXVHG RI
RXWEUHDNVDVVRFLDWHGZLWKUHFUHDWLRQDOZDWHULQWKH8QLWHG
6WDWHV&UDXQHWDO%HWZHHQDQG
GRFXPHQWHG RXWEUHDNV RI FU\SWRVSRULGLRVLV OLQNHG WR
UHFUHDWLRQDOXVHRIZDWHULQQLQHFRXQWULHVVLFNHQHGDWRWDO
RISHRSOH%HDFK 7KHDYHUDJHQXPEHURI
SHRSOHLQIHFWHGLQWKHVHRXWEUHDNVZDVEXWWKHUHZHUH
RYHULQIHFWLRQVLQRQHRXWEUHDNWKDWRFFXUUHGLQ
LQD ZDWHU SDUNLQ *HRUJLD 7KHUHZHUHFDVHV RI
LOOQHVVLQDVWDWHZLGHRXWEUHDNOLQNHGWRVZLPPLQJSRROVLQ
8WDKLQ+ODYVDHWDOOHDGLQJWRUHVWULFWLRQVRQ
WKH XVH RI SXEOLF SRROV E\ \RXQJ FKLOGUHQ 2I WKH 8.
RXWEUHDNVOLQNHGWRUHFUHDWLRQDOZDWHULQWKHSHULRGށ
WKHQXPEHURIFDVHVUDQJHGIURPWRDQGWKH
VRXUFHV RI LQIHFWLRQ ZHUH SXEOLF DQG SULYDWH VZLPPLQJ
SRROVULYHUVLQWHUDFWLYHZDWHUIHDWXUHVHJVSODVK]RQHV
DQG ZDWHU IRXQWDLQV %HDFK  'XULQJ D RQH\HDU
PRQLWRULQJ SHULRG RI VHYHQ VZLPPLQJ SRROV LQ WKH
1HWKHUODQGVRIVDPSOHVFRQWDLQHGCryptosporidium
RRF\VWV $GGLWLRQDO LQIRUPDWLRQ RI RXWEUHDNV DVVRFLDWHG
ZLWK UHFUHDWLRQDO ZDWHU ZDV UHFHQWO\ UHYLHZHG %HDFK
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&KDOPHUV
*URXQGZDWHU
6XUYH\VRIRFFXUUHQFHRICryptosporidium LQQXPHURXV
FRXQWULHVLQGLFDWHWKDWRRF\VWVRFFXULQVRPHJURXQGZDWHU
V\VWHPV3UHYLRXVDQGPRUHUHFHQWVWXGLHVKDYHHYDOXDWHG
WKHSRWHQWLDOIRUWKHWUDQVSRUWRICryptosporidium WKURXJK
VRLO WR ODQG GUDLQV DQG JURXQGZDWHU V\VWHPV XVLQJ
VLPXODWHGUDLQIDOODQGLQWDFWVRLOFROXPQVWRZKLFKZHUH
DSSOLHGUDZVOXUU\RUVHSDUDWHGOLTXLGVOXUU\0DZGVOH\HW
DO 3HWHUVHQHWDO 7KHVHVWXGLHVLQGLFDWHG
WKDWOHDFKLQJRIRRF\VWVGRZQWKURXJKWKHVRLOSURILOHGLG
RFFXUDOWKRXJKWKHH[WHQWRIWKLVZDVDIIHFWHGE\VRLOW\SH
)RULQVWDQFHWUDQVSRUWRIC. parvumRRF\VWVWKURXJKVRLO
DQGLQWROHDFKDWHZDVJUHDWHULQDVLOW\ORDPDQGDFOD\
ORDPVRLOWKDQLQDORDP\VDQGVRLO
,QDVWXG\FRQGXFWHGLQWKH8QLWHG6WDWHVCryptosporidium
RRF\VWVZHUHIRXQGLQRIWKHVLWHVLQFOXGLQJ
RIWKHYHUWLFDOZHOOVSHUFHQWRIWKH
VSULQJV  RI WKHLQILOWUDWLRQJDOOHULHV DQG
 RI WKH KRUL]RQWDO ZHOOV +DQFRFN HW DO 
$YHUDJH GHQVLWLHV IRXQG LQ WKH VWXG\ FRUUHVSRQGHG WR
ށRRF\VWV/ZLWKDPHDQRIRRF\VWV/
$QRWKHU VWXG\ FRQGXFWHG LQ WKH /RZHU 5KLQH DUHD RI
*HUPDQ\UHSRUWHGRIJURXQGZDWHUVDPSOHV
WHVWHGSRVLWLYHIRUCryptosporidium RRF\VWVE\,)$ZLWKD
PHDQRIRRF\VWV/*DOODV/LQGHPDQQHWDO
$GGLWLRQDO VWXGLHVRQWKHRFFXUUHQFHRI Cryptosporidium
VSSLQJURXQGZDWHUV\VWHPVIURPGLIIHUHQWFRXQWULHVDUH
OLVWHGLQ7DEOH
Table 4. Occurrence of Cryptosporidium oocysts in groundwater systems
Country Sample Type Percent PositiveSamples Concentration Average (Range) Oocysts/L Reference
%XOJDULD *URXQGZDWHUZHOO  
.DUDQLVHW
DO
&DQDGD *URXQGZDWHU  WR %XGX$PRDNRHWDO
*HUPDQ\ 5DGLDODQGYHUWLFDOZHOOV 

WR
*DOODV/LQGHPDQQ
HWDO
,QGLD 'HHSZHOOV  WR 'DQLHOVHWDO
,QGLD 6KDOORZZHOOV  WR 'DQLHOVHWDO
1HSDO *URXQGZDWHUZHOOV 

WR
+DUDPRWRHW
DO
1RUZD\ *URXQGZDWHUZHOOV   *DXWHWDO
3RUWXJDO
7UHDWHG
JURXQGZDWHU
IRU
FRQVXPSWLRQ
 15 /RERHWDO
8QLWHG
6WDWHV
9HUWLFDOZHOOV
6SULQJV
,QILOWUDWLRQ
JDOOHULHV
+RUL]RQWDO
ZHOOV




WR +DQFRFNHWDO
8QLWHG
6WDWHV 6KDOORZZHOOV  15
%RUFKDUGWHW
DO
151RW5HSRUWHG
,QWKH8QLWHG6WDWHV GULQNLQJZDWHUV\VWHPVWKDWREWDLQ
ZDWHUIURPDUDZZDWHUVXSSO\ZKLFKLVVXUIDFHZDWHURU
JURXQGZDWHUGLUHFWO\XQGHUWKHLQIOXHQFHRIVXUIDFHZDWHU
PXVWKDYHDWUHDWPHQWSURFHVVWKDWLVFDSDEOHRISURGXFLQJ
ZDWHURIHTXDORUEHWWHUTXDOLW\WKDQDFRPELQDWLRQRIZHOO
RSHUDWHG FKHPLFDOO\ DVVLVWHG ILOWUDWLRQ DQG GLVLQIHFWLRQ
SURFHVVHV ZRXOG SURYLGH 7KLV WUHDWPHQW SURFHVV PXVW
DFKLHYHDQRYHUDOOSHUIRUPDQFHWKDWSURYLGHVDWDPLQLPXP
DORJUHPRYDORULQDFWLYDWLRQRICryptosporidium
RRF\VWV
Cryptosporidium spp.
17
,QLWZDVHVWLPDWHGWKDWPLOOLRQSHRSOHZRUOGZLGH
VWLOO XVH XQLPSURYHG GULQNLQJ ZDWHU VRXUFHV LQFOXGLQJ
XQSURWHFWHG ZHOOV DQG VSULQJV KWWSZDVKGDWDRUJ $
UHFHQWVWXG\H[DPLQHGWKHFRQWULEXWLRQRICryptosporidium
IRXQGLQJURXQGZDWHUVRXUFHVXVHGIRUGULQNLQJWRWKHWRWDO
EXUGHQRIGLDUUKHDOGLVHDVHDPRQJFKLOGUHQ\HDUVROGLQ
UXUDO,QGLD'DQLHOV6PLWKHWDOCryptosporidium
RRF\VWVZHUHGHWHFWHGLQRIGHHSWXEHZHOOVQ 
DW PD[LPXP FRQFHQWUDWLRQV UDQJLQJ IURP  WR 
RRF\VWV / DQG RI VKDOORZ WXEHZHOOV Q   DW
FRQFHQWUDWLRQVUDQJLQJIURPWRRRF\VWV/7KH
UHVXOWVRIWKHVWXG\UHYHDOHGWKDWWKHPHDQGDLO\ULVNRI
Cryptosporidium LQIHFWLRQIDU H[FHHGHGWKH
WROHUDEOHGDLO\ULVNRILQIHFWLRQIURPGULQNLQJZDWHULQWKH
LQIHFWLRQIURPGULQNLQJZDWHULQWKH86
'ULQNLQJZDWHU
6LPLODUO\ VWXGLHV FRQGXFWHG ZRUOGZLGH KDYH
GHPRQVWUDWHGWKHRFFXUUHQFHRICryptosporidium RRF\VWVLQ
WUHDWHGGULQNLQJZDWHUV7DEOH2RF\VWVDUHUHVLVWDQWWR
FKORULQHGLVLQIHFWLRQDWWKHFRQFHQWUDWLRQVW\SLFDOO\DSSOLHG
GXULQJGULQNLQJZDWHU WUHDWPHQW EXW FRUUHFWO\ RSHUDWLQJ
WUHDWPHQW SODQWV WKDW XWLOL]H ILOWUDWLRQ XVXDOO\ UHPRYH
RRF\VWV IURP VRXUFH ZDWHU 5RFKHOOH DQG 'L *LRYDQQL
+RZHYHUVWXGLHVFRQGXFWHGE\5RVHLQWKH
8QLWHG 6WDWHV UHSRUWHG RRF\VWV LQ ށ RI WUHDWHG
GULQNLQJ ZDWHU VDPSOHV DW FRQFHQWUDWLRQV XS WR 
RRF\VWV/,QDGGLWLRQPXOWLSOHWUHDWPHQWSODQWVPRQLWRUHG
LQ:LVFRQVLQGHWHFWHGRRF\VWVLQRIILQLVKHGZDWHU
VDPSOHV$UFKHUHWDOIROORZHGE\DQRWKHUVXUYH\
GHWHFWLQJRRF\VWV LQ RI WUHDWHGGULQNLQJZDWHUV LQ
2QWDULR &DQDGD :DOOLV HW DO  +LJK RRF\VW
FRQFHQWUDWLRQVGHWHFWHGLQWKHWUHDWHGZDWHUDQGPXOWLSOH
GHWHFWLRQVLQVRXUFHZDWHURI6\GQH\$XVWUDOLDOHGWRD
SHULRGRIRQDJDLQRIIDJDLQERLOZDWHUDGYLVRULHVRYHUWZR
PRQWKVPLGGOHRI$XJXVWWREHJLQQLQJRI6HSWHPEHU
7KH LQFLGHQW KDG ORQJUDQJLQJ SROLWLFDO WHFKQLFDO
RSHUDWLRQDO DQG PDQDJHULDO FRQVHTXHQFHV LQ $XVWUDOLD
0F&OHOODQ  &ODQF\  2RF\VWV ZHUH GHWHFWHG
GXULQJWKH VXEVHTXHQW VL[ \HDUV RI PRQLWRULQJ6\GQH\އV
ZDWHUVXSSO\WKDWZDVSUHFLSLWDWHGE\WKLVLQFLGHQW 7KH
UDWHRIGHWHFWLRQFRUUHVSRQGHGWRRIWUHDWHG
GULQNLQJZDWHU VDPSOHV 2
.HHIH  7KHPRQLWRULQJ
SHULRGZDVFKDUDFWHUL]HGE\DQH[WUHPHPXOWL\HDUGURXJKW
DQGVRORZRRF\VWRFFXUUHQFHPD\QRWKDYHEHHQUHIOHFWLYH
RIފQRUPDOދFRQGLWLRQV
Table 5. Occurrence of Cryptosporidium oocysts in treated drinking waters
Country Sample Type Percent PositiveSamples Concentration Average (Range) Oocysts/L Reference
%UD]LO
7UHDWHG
GULQNLQJ
ZDWHU
 WR 1LVKLHWDO
%UD]LO
7UHDWHG
GULQNLQJ
ZDWHU
 WR 5D]]ROLQLHWDO
&DQDGD
7UHDWHG
GULQNLQJ
ZDWHU
 WR ,VDDF5HQWRQHWDO
*HUPDQ\
7UHDWHG
GULQNLQJ
ZDWHU
 WR
*DOODV/LQGHPDQQ
HWDO
+XQJDU\
7UHDWHG
GULQNLQJ
ZDWHU
  3OXW]HUHWDO
-DSDQ )LOWHUHGZDWHU  WR
+DVKLPRWRHW
DO
5XVVLD 7DSZDWHU
:HOOZDWHU  
.DUDQLVHW
DO
6RXWK
$IULFD
7UHDWHG
GULQNLQJ
ZDWHU
  .ILUHWDO
6SDLQ
7UHDWHG
GULQNLQJ
ZDWHU
 WR
&DVWUR+HUPLGD
HWDO
6SDLQ
7UHDWHG
GULQNLQJ
ZDWHU
 WR 5DPRHWDO
6SDLQ
7UHDWHG
GULQNLQJ
ZDWHU
 WR
&DVWUR+HUPLGD
HWDO
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Country Sample Type Percent PositiveSamples Concentration Average (Range) Oocysts/L Reference
8QLWHG
.LQJGRP
7UHDWHG
GULQNLQJ
ZDWHU
  6PHHWVHWDO
8QLWHG
.LQJGRP
7UHDWHG
GULQNLQJ
ZDWHU
  :LOVRQHWDO
8QLWHG
6WDWHV
7UHDWHG
GULQNLQJ
ZDWHU
WR WR 5RVH
8QLWHG
6WDWHV
7UHDWHG
GULQNLQJ
ZDWHU
 WR /H&KHYDOOLHUHWDO
9HQH]XHOD
7UHDWHG
GULQNLQJ
ZDWHU
 WR
%HWDQFRXUWDQG
0HQD
,Q /DWLQ $PHULFD LQIRUPDWLRQ RQ WKH SUHYDOHQFH DQG
GHWHFWLRQRIZDWHUERUQHSDUDVLWLFSURWR]RDLVPRUHOLPLWHG
5RVDGR*DUFLDHWDO0RUHRYHUPRVWVWXGLHVWKDW
KDYHGRFXPHQWHGWKHSUHVHQFHRICryptosporidium RRF\VWV
LQGULQNLQJZDWHUZLWKVRPHH[FHSWLRQVGLGQRWSURYLGH
UHOLDEOHTXDQWLWDWLYHGDWD$VWXG\RIDODUJHGULQNLQJZDWHU
WUHDWPHQWSODQWLQ9HQH]XHODUHSRUWHGILQLVKHG
GULQNLQJ ZDWHU VDPSOHV FRQWDLQHG RRF\VWV ZLWK WKH
JHRPHWULF PHDQRI  RRF\VWV / DV GHWHUPLQHGE\
LPPXQRIOXRUHVFHQWDVVD\PLFURVFRS\4XLQWHUR%HWDQFRXUW
DQG'H/HGHVPD
,Q$VLD-DSDQKDVGRFXPHQWHGVWXGLHVRQCryptosporidium
LQWUHDWHGGULQNLQJZDWHU)LQLVKHGZDWHUPRQLWRUHGDWD
WUHDWPHQWSODQWVKRZHGWKDWCryptosporidium RRF\VWVZHUH
GHWHFWHGLQRIILOWHUHGZDWHUVDPSOHVJHRPHWULF
PHDQFRQFHQWUDWLRQZDVRRF\VWV/+DVKLPRWRHW
DO
5HJXODWRU\ RU V\VWHPDWLF DQG ZLGHVSUHDG PRQLWRULQJ RI
Cryptosporidium LQHLWKHUUDZRUWUHDWHGZDWHUKDVRQO\
EHHQFRQGXFWHGLQDIHZFRXQWULHVVHH6HFWLRQ7KH
8.GULQNLQJZDWHUUHJXODWLRQVLQFOXGHGWKHPRVWLQWHQVLYH
Cryptosporidium PRQLWRULQJSURJUDPHYHUXQGHUWDNHQ7KH
UHJXODWLRQ UHTXLUHG FRQWLQXRXV PRQLWRULQJ RI
Cryptosporidium RRF\VWVLQILQLVKHGGULQNLQJZDWHUIRUDW
OHDVWKRXUVSHUGD\DWDIORZUDWHRIDWOHDVW/SHU
KRXU ':,  $ GHFDGHORQJ PRQLWRULQJ SURJUDP
UHYHDOHGWKDW Cryptosporidium RRF\VWV ZHUHRFFDVLRQDOO\
GHWHFWHGLQILQLVKHGGULQNLQJZDWHU'XULQJWKHSHULRG
ށ  D WRWDO RI  VDPSOHV ZHUH DQDO\]HG WRWDO
YROXPH   / ZHUH SRVLWLYH DQG WKH
DYHUDJHRRF\VWFRQFHQWUDWLRQZDVRRF\VWV/6PHHWV
HW DO  &RQWLQXRXV PRQLWRULQJ GXULQJ VXEVHTXHQW
\HDUV GHPRQVWUDWHG WKH SUHVHQFH RI Cryptosporidium
RRF\VWVLQDQGRIWKHVDPSOHVZLWK
UDWHVRIGHWHFWLRQIURPVDPSOHVLWHVFRUUHVSRQGLQJWR
DQGUHVSHFWLYHO\':,([WHQVLYHPRQLWRULQJ
RFFXUULQJLQSODQWVGXULQJLQGLFDWHGWKDWQRQHRI
WKHPH[FHHGHGWKHWUHDWPHQWVWDQGDUGRIRRF\VW/':,
,QFUHDVHGDZDUHQHVVRIWKHRFFXUUHQFHDQGLPSDFW
RI&U\SWRVSRULGLXPRRF\VWVLQGULQNLQJZDWHUPLJKWKDYH
OHG WR WKH DSSOLFDWLRQ RI ULJRURXV ULVN PDQDJHPHQW
SUDFWLFHV WR SUHYHQW WKH LQWURGXFWLRQ RI RRF\VWV LQ WKH
GULQNLQJZDWHUVXSSO\
,Q6FRWODQGFRQWLQXRXVPRQLWRULQJRIILQLVKHGZDWHUGXULQJ
PRQWKVUHYHDOHGWKHSUHVHQFHRIRRF\VWVLQRI
RIWUHDWHGZDWHUVDPSOHVIURPGULQNLQJZDWHU
VXSSOLHV 7KH PD[LPXP FRQFHQWUDWLRQ UHSRUWHG
FRUUHVSRQGHGWRRRF\VWV/:LOVRQHWDO)URPD
SXEOLF KHDOWK SHUVSHFWLYH WKH ULVNLHVW VRXUFH ZDWHU
FDWFKPHQWVZHUHWKRVHWKDWZHUHGULHUWKDQDYHUDJHEXW
KDGRFFDVLRQDOKLJKUDLQIDOOHYHQWVZKLFKIOXVKHGRRF\VWV
LQWRWKHZDWHU 7KHDSSOLFDWLRQRIDPROHFXODUDSSURDFK
GXULQJWKHPRQLWRULQJSHULRGGHPRQVWUDWHGWKHSUHVHQFHRI
PXOWLSOHVSHFLHVDQGJHQRW\SHVLQGLIIHUHQWSURSRUWLRQVC.
andersoni FRUUHVSRQGLQJWR D FHUYLQHJHQRW\SH C.
parvumC. baileyiDQGC. bovis6LPLODUO\C.
andersoniC. parvumDQGC. ubiquitumZHUHLGHQWLILHGRQ
  DQG  RI UHJXODWRU\ ILQLVKHG ZDWHU
PRQLWRULQJVOLGHVLQ6FRWODQG1LFKROVHWDO'XULQJ
ILQLVKHGZDWHUVDPSOHVZHUHDQDO\]HGXQGHU
WKHUHJXODWRU\GLUHFWLYHLQ6FRWODQG2IWKHVHDWRWDORI
VDPSOHVIURPRIWUHDWPHQWSODQWV
UHSRUWHGWHVWHGSRVLWLYHIRURRF\VWVWKHORZHVWSHUFHQWDJH
RISRVLWLYHVDPSOHVVLQFH':45$JDLQEHWWHU
ZDWHUVKHG PDQDJHPHQW DQG RSHUDWLRQDO LPSURYHPHQWV
PLJKWKDYHOHGWRDGHFOLQHLQCryptosporidium RFFXUUHQFH
LQWKHGULQNLQJZDWHUVXSSO\
2SWLPL]HGFHOOFXOWXUHDVVD\VWKDWHQDEOHGGHWHFWLRQRIORZ
OHYHOV RI RRF\VWV ZHUHXVHGWRDVVHVVWKHSUHYDOHQFHRI
LQIHFWLRXVRRF\VWVLQILQLVKHGGULQNLQJZDWHULQWKH86
$ER\WHVHWDO 7KHVWXG\UHSRUWHGWKDWRI
VXUIDFHZDWHUWUHDWPHQWSODQWV1 ZHUHUHOHDVLQJ
LQIHFWLRXVRRF\VWVLQWKHLUILQLVKHGZDWHU2YHUDOORI
WUHDWHG GULQNLQJ ZDWHU VDPSOHV 1   FRQWDLQHG
LQIHFWLRXV Cryptosporidium  RRF\VWV EXW LQ DOO FDVHV WKH
IROORZXSUHSHDWVDPSOHVZHUHQHJDWLYH7KLVGHWHFWLRQUDWH
WUDQVODWHGLQWRDFDOFXODWHGDQQXDOULVNRILQIHFWLRQVLQ
SHRSOHIDUH[FHHGLQJWKH86(3$އVLQULVN
JRDO,QDVWXG\ZLWKFRQWUDVWLQJUHVXOWVWUHDWHGGULQNLQJ
Cryptosporidium spp.
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ZDWHUVDPSOHVIURPWUHDWPHQWSODQWVDFURVVWKH86
ZHUHDQDO\]HGXVLQJDPRGLILHGYHUVLRQRI0HWKRG
FRXSOHG ZLWK D FHOO FXOWXUH LQIHFWLYLW\ DVVD\ DQG ,)$
GHWHFWLRQRILQIHFWLRQ6DPSOHYROXPHVZHUHށ/
ZLWKDQDYHUDJHRI /1  1RQHRI WKH
ILQLVKHGZDWHUVDPSOHVSURGXFHGLQIHFWLRQV$ER\WHVHWDO
7KLVODFNRILQIHFWLRXVRRF\VWVLQDWRWDOYROXPHRI
/WUDQVODWHGWRDQDQQXDOULVNRIOHVVWKDQRQH
LQIHFWLRQ SHU  SHRSOH 0RUH UHVHDUFK DQG PRUH
H[WHQVLYHVDPSOLQJDUHQHHGHGWRDFFXUDWHO\GHWHUPLQHWKH
SUHYDOHQFHRIKXPDQLQIHFWLRXVRRF\VWVLQWUHDWHGGULQNLQJ
ZDWHUDQGWKXVLPSURYHWKHDFFXUDF\RIULVNDVVHVVPHQWV
5RFKHOOHDQG'L*LRYDQQL
,UULJDWLRQZDWHU
6RXUFHV RI LUULJDWLRQ ZDWHU VXFK DV VXUIDFH DQG
JURXQGZDWHU FDQ EHFRPH FRQWDPLQDWHG ZLWK SDUDVLWHV
WKURXJKPDQ\URXWHVLQFOXGLQJDJULFXOWXUDOUXQRIIVHZDJH
GLVFKDUJH VWRUPZDWHU GLVFKDUJH DQG GLUHFW DFFHVV WR
ZDWHUVRXUFHVE\GRPHVWLFDQGZLOGDQLPDOV'L[RQ
,QDJULFXOWXUDOVHWWLQJVIUXLWDQGYHJHWDEOHVFDQEHFRPH
FRQWDPLQDWHGZLWKSURWR]RDQSDUDVLWHVE\FRQWDFWZLWKVRLO
RU LPSURSHUO\ FRPSRVWHG PDQXUH DQG LUULJDWLRQ RU
SRVWKDUYHVWZDVKLQJZLWKFRQWDPLQDWHGZDWHU6WHHOHDQG
2GXPHUX  6HYHUDO VWXGLHV KDYH GRFXPHQWHG WKH
RFFXUUHQFH RI Cryptosporidium  RRF\VWV LQ ZDWHUV IRU
LUULJDWLRQRIDJULFXOWXUDO FURSV7KXUVWRQ(QULTXH]HWDO
&KDLGH]HWDO$PRUµVHWDO,QDVWXG\
FRQGXFWHGLQ0H[LFRCryptosporidium RRF\VWVZHUHIRXQG
LQRIVXUIDFHZDWHUVXVHGIRULUULJDWLRQZDVKLQJDQG
GLVLQIHFWLQJ DSSOLFDWLRQV ZLWK RRF\VW FRQFHQWUDWLRQV
UDQJLQJIURPWR/&KDLGH]HW DO  $
PXOWLFRXQWU\ VWXG\ UHSRUWHG WKDW RI WKH LUULJDWLRQ
ZDWHUV WHVWHG SRVLWLYH IRU Cryptosporidium RRF\VWV 7KH
VWXG\UHSRUWHGIUHTXHQWRFFXUUHQFHRIRRF\VWVLQLUULJDWLRQ
ZDWHUVRI&HQWUDO $PHULFDQFRXQWULHVZLWKOHYHOVRI 
RRF\VWV/ZKLOHLUULJDWLRQZDWHUVIRUFURSSURGXFWLRQLQ
WKH 8QLWHG 6WDWHV GLG QRW FRQWDLQ RRF\VWV 7KXUVWRQ
(QULTXH]HWDO,QDQRWKHUVWXG\FRQGXFWHGLQ6SDLQ
Cryptosporidium  RRF\VWV ZHUH IRXQG LQ ZDWHU VDPSOHV
FROOHFWHG IURP FDQDOV XVHG IRU LUULJDWLRQ RI YHJHWDEOHV
$PRURV HW DO  7KH PHDQYDOXHV RI RRF\VWV ZDV
/UDQJLQJIURPWRRRF\VWV/$VWXG\
FRQGXFWHG LQ $IULFD UHSRUWHG DQ RYHUDOO SUHYDOHQFH RI
IRUCryptosporidium RRF\VWLQZDWHUVIRU
LUULJDWLRQRIIDUPSURGXFWVLQWKH.XPDVL0HWURSROLVRIWKH
$VKDQWL5HJLRQRI*KDQDZLWKOHYHOVEHWZHHQDQG
RRF\VWV/6DPSVRQHWDO$PRUHUHFHQWVWXG\
FRQGXFWHGLQWKHFRXQW\RI:X]KL+HQDQ3URYLQFH&KLQD
UHSRUWHGFRQFHQWUDWLRQVRIRRF\VWV/LQWKH4LQKH
5LYHUZKLFKLVWKHPDLQVRXUFHRIDJULFXOWXUDOLUULJDWLRQLQ
WKHORFDOIDUPODQG;LDRHWDO
+LJKTXDOLW\HIIOXHQWVGHULYHGIURPZDVWHZDWHUWUHDWPHQW
DQGUHFODPDWLRQWHFKQRORJLHVKDYHEHHQXVHGDVDOWHUQDWLYH
ZDWHUVRXUFHVIRUDJULFXOWXUDODQGODQGVFDSHLUULJDWLRQLQ
PDQ\FRXQWULHV$VDQRDQG&RWUXYR7KHKHDOWKULVNV
DVVRFLDWHG ZLWK WKH ZLGHVSUHDG SUDFWLFH RI ZDVWHZDWHU
LUULJDWLRQ IRU FURS SURGXFWLRQ DUH KLJKHU LQ GHYHORSLQJ
FRXQWULHVZKHUHZDVWHZDWHUUHFHLYHVOLWWOHRUQRWUHDWPHQW
EHIRUHXVH
$ VWXG\ UHSRUWHG WKH RFFXUUHQFH RI Cryptosporidium
RRF\VWV LQ UHF\FOHG ZDVWHZDWHU XVHG IRU XQUHVWULFWHG
LUULJDWLRQ LQ )ORULGD 86$ 4XLQWHUR%HWDQFRXUW HW DO
 7KH ZDWHU UHFODPDWLRQ IDFLOLWLHV HYDOXDWHG LQ WKH
VWXG\ SURYLGHG FRQYHQWLRQDO DFWLYDWHG VOXGJH WUHDWPHQW
IROORZHG E\ ILOWUDWLRQ DQG FKHPLFDO GLVLQIHFWLRQ ZLWK
FKORULQHJDV7KHOHYHOVRIRRF\VWVUHSRUWHGZHUHEDVHGRQ
,)$DQGWKHIRFXVGHWHFWLRQPHWKRGPRVWSUREDEOHQXPEHU
)'0031 DVVD\ WR FRQILUP LQIHFWLRXV SRWHQWLDO RI
RRF\VWV7KHSHUFHQWDJHRIVDPSOHVSRVLWLYHIRULQIHFWLRXV
RRF\VWVZDVDQGWKHQXPEHUVRIRRF\VWVE\,)$
UDQJHGEHWZHHQDQG/7KHOHYHORILQIHFWLRXV
RRF\VWVIRXQGLQUHFODLPHGHIIOXHQWVUDQJHGEHWZHHQ
DQG031/,QPRVWFDVHVWKHVHOHYHOVZHUHEHORZ
WKHQXPHULFSDWKRJHQVWDQGDUGPD[LPXPOLPLWRIYLDEOH
RRF\VWV/SURSRVHGIRUUHFODLPHGHIIOXHQWVLQWKH6WDWH
RI)ORULGD+RZHYHUDGMXVWPHQWRIRRF\VWOHYHOVEDVHGRQ
UHFRYHU\HIILFLHQF\GDWDLQGLFDWHGWKDWWKHFRQFHQWUDWLRQV
IRXQG LQ WKH VWXG\ ZHUH XQGHUHVWLPDWLRQV 7KH VWXG\
UHYHDOHG WKH LPSRUWDQFH RI WKH DSSOLFDWLRQ RI DGYDQFHG
Cryptosporidium GHWHFWLRQ PHWKRGV UHTXLUHG IRU WKH
HVWDEOLVKPHQWRIDPRUHXVHIXOULVNDVVHVVPHQWDSSURDFK
IRU UHFODLPHG ZDWHU DQG WKH LPSRUWDQFH RI SDWKRJHQ
VSHFLILFPRQLWRULQJLQUHF\FOHGZDWHUVIRULUULJDWLRQ'XHWR
WKH UHFDOFLWUDQW QDWXUH RI RRF\VWV WR GLVLQIHFWLRQ
XOWUDIL OWUDWLRQ SRUH VL]H RI  WR  wP LV
UHFRPPHQGHG IRU FRPSOHWH UHPRYDO RI Cryptosporidium
RRF\VWV IRU UHXVH RI WUHDWHG ZDVWHZDWHU LQ LUULJDWLRQ
/RQLJURHWDO
6HDZDWHUDQGVKHOOILVK
7KHVKDOORZFRDVWDORFHDQLPSDFWHGE\KXPDQZDVWHV
DQG SROOXWLRQODGHQ UXQRII PD\ KDUERXU QXPHURXV
SDWKRJHQLF PLFURRUJDQLVPV WKDW DUH HSLGHPLRORJLFDOO\
DVVRFLDWHGZLWKGLVHDVHVLQWKHKXPDQSRSXODWLRQWKDWOLYHV
DORQJWKHFRDVWOLQH6KXYDOCryptosporidium RRF\VWV
KDYHEHHQGHWHFWHGLQPDULQHZDWHUVZRUOGZLGH%DWKLQJ
EHDFKHVLQ+DZDLLLPSDFWHGE\PDULQHVHZDJHGLVFKDUJH
ZHUHUHSRUWHGWRFRQWDLQOHYHOVRIRRF\VWVUDQJLQJIURPWR
/-RKQVRQHWDO $QRWKHUVWXG\UHSRUWHG
ORZ FRQFHQWUDWLRQV RI RRF\VWV LQ WURSLFDO UHFUHDWLRQDO
PDULQH ZDWHUV RI 9HQH]XHOD FRQWDPLQDWHG ZLWK VHZDJH
ZLWKRRF\VWVFRQFHQWUDWLRQVUDQJLQJIURPWR/
%HWDQFRXUWHWDO+LJKHUFRQFHQWUDWLRQVRIRRF\VWV
WKDQDQ\RWKHUVWXG\ZHUHUHSRUWHGLQPDULQHUHFUHDWLRQDO
ZDWHUVRI6LQDORD0H[LFRZKHUHWKHRYHUDOOFRQFHQWUDWLRQ
RI RRF\VWV UDQJHG IURP WR  / ZLWK DQ
DYHUDJHRIRRF\VWV/0DJDQD2UGRULFDHWDO

,QDGGLWLRQELYDOYHPROOXVFDQVKHOOILVKPXVVHOVR\VWHUV
FODPVDQGFRFNOHVWKURXJKWKHLUILOWHUIHHGLQJSURFHVVFDQ
DFFXPXODWHDQGFRQFHQWUDWHCryptosporidium IURPVHZDJH
SROOXWHGFRDVWDOZDWHUV:LOOLVHWDO6WXGLHVKDYH
VKRZQWKDWVKHOOILVKILOWHUaށ/RIVHDZDWHULQK
GHSHQGLQJ RQ VSHFLHV DQG FDQ DFFXPXODWH YHU\ KLJK
RRF\VWORDGVLQWKHLUGLJHVWLYHJODQGLQWHVWLQDOWUDFWDQG
JLO OV  5REHUWVRQ DQG *MHUGH  2QH VWXG\
GHPRQVWUDWHGWKDWCryptosporidium SHUVLVWHGORQJHUXSWR
GD\VWKDQGiardia LQR\VWHUVDQGZDWHULQRFXODWHGZLWK
RRF\VWV*UDF]\N *LURXDUGHWDO  &RQVHTXHQWO\
Cryptosporidium spp.
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FRPPHUFLDO VKHOOILVK VSHFLHV KDUYHVWHG IURP VHZDJH
SROOXWHG ZDWHUV FDQ DFW DV WUDQVPLVVLRQ YHKLFOHV RI
LQIHFWLRXV RRF\VWV HVSHFLDOO\ ZLWKLQ ށ K RI
FRQWDPLQDWLRQ DV GHPRQVWUDWHG LQ UHFHQW VWXGLHV
6XWWKLNRUQFKDL HW DO    7KH GHWHFWLRQ RI
Cryptosporidium DQG RWKHU SURWR]RDQ SDUDVLWHV VXFK DV
Giardia  DQGToxoplasma LQ VKHOOILVK GHVWLQHGIRU KXPDQ
FRQVXPSWLRQLVWKHUHIRUHQHFHVVDU\GXHWRWKHSXEOLFKHDOWK
ULVNWKDWWKHVHSDUDVLWHVSRVH:LOOLVHWDO7KHWZR
PDLQVSHFLHVRICryptosporidium UHSRUWHGLQR\VWHUVDUHC.
parvum DQG C.  hominis EXW RWKHU VSHFLHV LQFOXGLQJ C.
baileyiC. meleagridisC. andersoniDQGC. felisKDYHDOVR
EHHQ UHSRUWHG 5REHUWVRQ  ,Q D UHFHQW VWXG\
Cryptosporidium RRF\VWVZHUHLVRODWHGIURPIRXUVSHFLHVRI
HGLEOHELYDOYHVXVLQJDFRPELQDWLRQRIVXFURVHIORWDWLRQDQG
LPPXQRPDJQHWLFVHSDUDWLRQDQGRRF\VWVZHUHIRXQGLQ
RXWRIVDPSOHVFROOHFWHG3DJRVRDQG5LYHUD
'1$VHTXHQFHDQDO\VLVRIWKH6U51$JHQHUHYHDOHGWKH
SUHVHQFHRI C.  parvum C.  hominis DQGC.  meleagridis
6WXGLHVKDYHDOVREHHQFRQGXFWHGWRLGHQWLI\VXEW\SHVRIC.
parvum DQG C.  hominis XVLQJ WKH  N'D JO\FRSURWHLQ
JSJHQHLQHGLEOHVKHOOILVK1XFOHRWLGHVHTXHQFLQJRI
DPSOLFRQV VKRZHG WKDW  RI PXVVHOV FRQWDLQHG C.
parvum VXEW\SHV EHORQJLQJ WR IDPLO\ ,,D ,,D$*5
,,D$*DQG,,D$*5*LDQJDVSHURHWDO
7KHSUHVHQFHRI LQIHFWLRXV Cryptosporidium RRF\VWV ZDV
UHSRUWHGLQVKHOOILVKIURP)UDQFHXVLQJDPRXVHLQIHFWLYLW\
DVVD\ /L HW DO  7KH VWXG\ GHPRQVWUDWHG WKH
SUHVHQFHRIRRF\VWVLQDOOVDPSOHVIRUDOOVLWHVDQGVHDVRQV
DQGIOHVK ZDV WKH PRVW FRQWDPLQDWHGSDUW 7KH UDWH RI
GHWHFWLRQ ZDV DSSDUHQWO\ UHODWHG ZLWK VHDVRQDO UDLQ
SUHFLSLWDWLRQ YDULDWLRQV 0ROHFXODU DQDO\VLV UHYHDOHG WKH
SUHGRPLQDQFHRIC. parvumOLNHO\FDWWOHEUHHGLQJRULJLQLQ
FXOWXUHGHGLEOHPXVVHOVFRQILUPLQJWKHLUUHVLVWDQFHWRVHD
HQYLURQPHQWVDQGXQGHUOLQLQJWKHSRWHQWLDO ULVNRI IRRG
ERUQHLQIHFWLRQ
&RPPHUFLDODQGQRQFRPPHUFLDOR\VWHUVDQGR\VWHUFXOWXUH
ZDWHU IURP WKH 2RVWHUVFKHOGH WKH 1HWKHUODQGV ZHUH
H[DPLQHGIRUWKHSUHVHQFHRICryptosporidium RRF\VWVDQG
Giardia F\VWV1LQHRIR\VWHUVIURPWZRQRQ
FRPPHUFLDO KDUYHVWLQJ VLWHV FRQWDLQHG Cryptosporidium
Giardia  RU ERWK 6L[ RI   FRPPHUFLDO R\VWHUV
KDUERXUHGCryptosporidium RUGiardia LQWKHLULQWHVWLQHV
7KHVWXG\LQGLFDWHGWKDWLQIHFWLRXVCryptosporidium RRF\VWV
HQWHULQJ WKH 2RVWHUVFKHOGH FRXOG EH DFFXPXODWHG E\
R\VWHUV GHVWLQHG IRU KXPDQ FRQVXPSWLRQ 6FKHWV HW DO

C. parvumRRF\VWVZHUHDOVRUHFRYHUHGIURP=HEUDPXVVHOV
DWIRXUORFDWLRQVWKURXJKRXWWKH6KDQQRQ5LYHUGUDLQDJH
DUHDLQ,UHODQG7KHVWXG\UHSRUWHGDPHDQFRQFHQWUDWLRQRI
RRF\VWJPXVVHOVZKLFKZDVWKHKLJKHVWFRQFHQWUDWLRQ
DPRQJDOO WKH RWKHU HQWHULF SDWKRJHQVGiardia  lamblia
Encephalitozoon intestinalisE. hellemDQGEnterocytozoon
bieneusiWHVWHG*UDF]\NHWDO
7KHSUHVHQFHRICryptosporidium LQELYDOYHVKHOOILVKKDV
DOVREHHQGHPRQVWUDWHGLQRWKHU(XURSHDQ8QLRQFRXQWULHV
VXFKDV ,WDO\ WKH 8QLWHG.LQJGRP 6SDLQ DQG3RUWXJDO
*RPH]&RXVRHWDO7KHVWXG\UHYHDOHGWKDWWKHUH
ZDVQRUHODWLRQEHWZHHQWKHSUHVHQFHRICryptosporidium
RRF\VWVDQGWKHPLFURELRORJLFDOFRQWDPLQDWLRQGHWHFWHGLQ
WKHVDPSOHVH[SUHVVHGDV0RVW3UREDEOH1XPEHU031RI
IHFDO FROLIRUPV 2QH LPSRUWDQW ILQGLQJ ZDV WKDW WKH
GHSXUDWLRQ SURFHVV ZDV LQHIIHFWLYH LQ WRWDOO\ UHPRYLQJ
RRF\VW FRQWDPLQDWLRQ 0RUHRYHU WKH VWXG\ UHYHDOHG WKH
H[LVWHQFHRIYLDEOHRRF\VWVLQVDPSOHVZLWKPLFURELRORJLFDO
FRQWDPLQDWLRQOHYHOVORZHUWKDQIHFDOFROLIRUPVJ
ZKLFKLQDFFRUGDQFHZLWK(XURSHDQ8QLRQOHJLVODWLRQDUH
FRQVLGHUHG VXLWDEOH IRU KXPDQ FRQVXPSWLRQ 7KH VWXG\
KLJKOLJKWHG WKH LPSRUWDQFH RI LQFOXGLQJ SDUDVLWRORJLFDO
DQDO\VHVLQWKHTXDOLW\FRQWUROIRUWKHVHPROOXVFV
,Q DQRWKHU VWXG\ JLOO ZDVKLQJV IURP  FRPPHUFLDO
KDUYHVWLQJVLWHVLQ$WODQWLFFRDVWVWDWHVIURP0DLQHWR
)ORULGD DQG RQH VLWH LQ 1HZ %UXQVZLFN &DQDGD ZHUH
H[DP LQHG  I R U Cryp t o spo r i d i um  RRF\ V W V  E \
LPPXQRIOXRUHVFHQFHPLFURVFRS\,)$DQG3&5,QWRWDO
Cryptosporidium ZDVGHWHFWHGLQRIVKHOOILVK
,QFRQWUDVW3&5H[DPLQDWLRQRISRROVRIJLOOZDVKLQJV
IURP R\VWHUV DQG  SRROV IURP FODPV GHWHFWHG
Cryptosporidium  LQ   DQG   SRROV
UHVSHFWLYHO\,QWRWDO3&5GHWHFWHGCryptosporidiumLQ
RISRROVRIJLOOZDVKLQJVIURPVKHOOILVK*HQH
VHTXHQFLQJ RI 3&5 SURGXFWV LGHQWLILHG Cryptosporidium
VSHFLHVDWVLWHVC. parvum JHQRW\SH]RRQRWLFZDV
LGHQWLILHGDWVLWHVDQGC. parvumJHQRW\SHC. hominis
DQWKURSRQRWLFDWWKUHHDGGLWLRQDOVLWHV$WIRXURIWKH
VLWHVC. meleagridisZDVDOVRLGHQWLILHG7KHVWXG\FRYHUHG
WKH  ODUJHVW JHRJUDSKLF DUHD RI DQ\ VXUYH\  IRU
Cryptosporidium  DQG LQGLFDWHG ZLGHVSUHDG IHFDO
FRQWDPLQDWLRQ IURPKXPDQDQG SRVVLEOH DQLPDO VRXUFHV
)D\HUHWDO
6LQFH ELYDOYH VKHOOILVK FDQ HIILFLHQWO\ FRQFHQWUDWH DQG
UHWDLQHQYLURQPHQWDOO\GHULYHGSDWKRJHQVIRUORQJSHULRGV
WKH\KDYHEHHQUHFRJQL]HGZRUOGZLGHDVELRLQGLFDWRUVRI
DTXDWLF HQYLURQPHQWV ZLWK IHFDO RULJLQ RUJDQLVPV )RU
LQVWDQFH VHQWLQHO FODP RXWSODQWLQJ XVHG WR DVVHVV WKH
GLVWULEXWLRQDQGPDJQLWXGHRIIHFDOFRQWDPLQDWLRQLQWKUHH
ULYHULQHV\VWHPVLQ&DOLIRUQLDGHPRQVWUDWHGWKHSUHVHQFHRI
C. parvumLQFODPVIURPULYHULQHHFRV\VWHPV0LOOHUHWDO
,QDGGLWLRQLQGLJHQRXVEOXHPXVVHOVMytilus VSS
XVHG DV ELRVHQWLQHOV WR PRQLWRU IRU WKH SUHVHQFH RI
SDUDVLWHVDORQJWKHFHQWUDO&DOLIRUQLDVKRUHOLQHUHYHDOHGWKH
SUHVHQFH RI Cryptosporidium  DQG Toxoplasma  gondii  LQ
DUHDV QRW SUHYLRXVO\ UHSRUWHG WR EH FRQWDPLQDWHG ZLWK
WKHVHSDWKRJHQV6WDJJVHWDO
2.3 Persistence
'DWDRQWKHSHUVLVWHQFHRICryptosporidium RRF\VWVLQ
WKHHQYLURQPHQWRXWVLGHWKHKRVWRUJDQLVPDUHFUXFLDOWR
XQGHUVWDQGWKHHFRORJ\RIWKHSDUDVLWHDQGIRUGHWHUPLQLQJ
WKH ULVN WR WKH KXPDQ SRSXODWLRQ 7KH HQYLURQPHQWDO
WUDQVPLVVLRQ RI Cryptosporidium  LV JRYHUQHG E\ WKH
SK\VLFRFKHPLFDO SURSHUWLHV RI WKH RRF\VWV ZKLFK DOORZ
WKHLUWUDQVSRUWUHWHQWLRQDQGVXUYLYDOIRUPRQWKVLQZDWHU
VRLOYHJHWDEOHVDQGPROOXVNVZKLFKDUHPDMRUUHVHUYRLUV
IRUKXPDQLQIHFWLRQ'XPHWUHHWDO
Cryptosporidium RRF\VWVDUHH[FUHWHGIXOO\VSRUXODWHGZLWK
Cryptosporidium spp.
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IHFHVSURWHFWHGE\DULJLGELOD\HUZD[\FRDWRIOLSLGVWKDWLV
WKRXJKWUHVSRQVLEOHIRUWKHLUVXUYLYDOLQWKHHQYLURQPHQW
DQG IRU WKHLU WUDQVLW WKURXJK WKH VWRPDFK DQG VPDOO
LQWHVWLQH %XVKNLQ HW DO  &XUUHQW PRGHOV RI WKH
RRF\VWއV VXUIDFH FKHPLVWU\ VXJJHVW WKDW WKH FKDUJH DQG
K\GURSKRELF FKDUDFWHULVWLFV RI WKH SDUDVLWH VXUIDFH FDQ
JHQHUDWH DQG PRGXODWH HOHFWURVWDWLF DWWUDFWLYH DQGRU
UHSXOVLYHLQWHUDFWLRQVZLWKWKHVXUURXQGLQJSDUWLFOHVZKLFK
FULWLFDOO\ DIIHFW WKH EHKDYLRU RI WKLV SDWKRJHQ DQG LWV
GLVWULEXWLRQ LQ WHUUHVWULDO DQG DTXDWLF HQYLURQPHQWV
&KDUDFWHUL]LQJWKHVHLQWHUDFWLRQVPD\SOD\DFUXFLDOVWHS
IRU PDQDJLQJ WKH HQYLURQPHQWDO PDWULFHV DW ULVN RI
PLFURELDOSROOXWLRQ'XPHWUHHWDO
7KHSHUVLVWHQFHRICryptosporidium RRF\VWVLQWHUUHVWULDO
DQGDTXDWLFHQYLURQPHQWVLVLQIOXHQFHGE\WKHFRPELQDWLRQ
RI VWUXFWXUDO IHDWXUHV RRF\VW ZDOO DQG RRF\VW VXUIDFH
FKHPLVWU\ H[WULQVLF SK\VLFDO WHPSHUDWXUH UHODWLYH
KXPLGLW\ GHVLFFDWLRQ XOWUDYLROHW UDGLDWLRQ DQGFKHPLFDO
S+RUJDQLFPDWWHUVDOLQLW\DPPRQLDIDFWRUVDVZHOODV
E\WKHPDWUL[RUVXEVWUDWHWKHRRF\VWVDUHSUHVHQWLQHJ
IHFHV VRLO ZDWHU LQDQLPDWH VXUIDFHV RU IRPLWHV 7KH
ELRORJLFDO DQWDJRQLVP DQG SRWHQWLDO SUHGDWLRQ RI
Cryptosporidium PD\HQKDQFHWKHGLHRIIRIRRF\VWV6WRWW
HWDO6WRWWHWDO.LQJDQG0RQLV3HQJ
HWDO5HLQRVRHWDOD0RUHRYHUDJHGRRF\VWV
DUH PRUH VXVFHSWLEOH WR GLVUXSWLRQ E\ HQYLURQPHQWDO
FKDQJHVDQGGLVLQIHFWDQWV.LQJDQG0RQLV
6WXGLHVRQRRF\VWSHUVLVWHQFHJHQHUDOO\UHSRUWYLDELOLW\DQG
LQIHFWLYLW\ KRZHYHU WKHVH WZR IHDWXUHV GR QRW DOZD\V
FRUUHODWHDQGRRF\VWVWKDWPD\KDYHUHPDLQHGYLDEOHPD\
KDYH UHGXFHG LQIHFWLYLW\ 7DEOH  VXPPDUL]HV VHOHFWHG
VWXGLHVWKDWKDYHWHVWHGIRUVXUYLYDORIC. parvum XVLQJ
YLDELOLW\ DQG LQIHFWLYLW\ DVVD\V &DUH\ HW DO 
7HPSHUDWXUH GHVLFFDWLRQ DQGH[WUHPHVLQ S+KDYHWKH
PRVW GHWULPHQWDO HIIHFW RQ RRF\VW VXUYLYDO LQ WKH
HQYLURQPHQW-HQNLQVHWDO2OVRQHWDO&DUH\
HWDO3HQJHWDO,QIDFWWHPSHUDWXUHLVRQH
RIWKHPRVWFULWLFDOSURFHVVHVJRYHUQLQJWKHIDWHRIRRF\VWV
LQWKHHQYLURQPHQW.LQJDQG0RQLV/XFLR)RUVWHUHW
DO2WKHUVWXGLHVKDYHLQGLFDWHGWKDWGHVLFFDWLRQLV
SHUKDSV WKH PRVW OHWKDO ZLWK  RI RRF\VWV EHLQJ
LQDFWLYDWHG DIWHU  KRXUV 2OVRQ HW DO  .LQJ DQG
0RQLV
Table 6. Environmental factors influencing the viability and infectivity of C. parvum  oocysts (Carey et
al., 2004)
Environmental
Media
Temperature
(°C)
Time
Days
(Unless
Otherwise
Noted)
Reduction in
Oocyst Viability/Infectivity Assessment Method References
/DERUDWRU\
:DWHU WR  5HWDLQHGLQIHFWLYLW\
D %$/%FPRXVH
LQIHFWLYLW\ )D\HU
/DERUDWRU\
:DWHU  PLQXWHV 5HWDLQHGLQIHFWLYLW\
D %$/%FPRXVH
LQIHFWLYLW\ )D\HU
/DERUDWRU\
:DWHU  PLQXWHV 1RQLQIHFWLRXV
%$/%FPRXVH
LQIHFWLYLW\ )D\HU
/DERUDWRU\
:DWHU ! PLQXWH 1RQLQIHFWLRXV
%$/%FPRXVH
LQIHFWLYLW\ )D\HU
/DERUDWRU\
:DWHU 

KRXUV
/RJ '$3,3,
5REHUWVRQHW
DO
/DERUDWRU\
:DWHU  
!/RJ '$3,3,
5REHUWVRQHW
DO
/DERUDWRU\
:DWHU 15 6QDSIUHH]LQJ 1RQLQIHFWLRXV '$3,3,
5REHUWVRQHW
DO
2QVXUIDFHV
'HVLFFDWLRQ URRPWHPS KRXUV
!/RJ '$3,3,
5REHUWVRQHW
DO
6WHULOHZDWHU  ! 5HWDLQHGYLDELOLW\DQGLQIHFWLYLW\
3,H[FOXVLRQDQG
PRXVHLQIHFWLYLW\
2OVRQHW
DO
7DSZDWHU
ODEIORZ
WKURXJKV\VWHP
URRPWHPS  /RJ '$3,3,
5REHUWVRQHW
DO
5LYHUZDWHU DPELHQWWHPS  /RJ '$3,3,
5REHUWVRQHW
DO
5LYHUZDWHU   1RQLQIHFWLRXV &HOOFXOWXUH)'0 3RNRUQ\HWDO
5LYHUZDWHU WR  5HWDLQHGLQIHFWLYLW\ &HOOFXOWXUH)'0 3RNRUQ\HWDO
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Environmental
Media
Temperature
(°C)
Time
Days
(Unless
Otherwise
Noted)
Reduction in
Oocyst Viability/Infectivity Assessment Method References
5LYHUZDWHU WR  !/RJ &HOOFXOWXUH)'0
3RNRUQ\HW
DO
6HDZDWHU
VWDWLFODE
FRQGLWLRQV
  /RJ '$3,3,
5REHUWVRQHW
DO
6HDZDWHUZLWK
VDOLQLWLHVRI
DQG
SSW

 5HWDLQHGLQIHFWLYLW\ %$/%FPRXVHLQIHFWLYLW\
)D\HUHW
DOD)D\HU
HWDOE
$UWLILFLDO
VHDZDWHUZLWK
VDOLQLWLHVRI
DQG
SSW
  5HWDLQHGLQIHFWLYLW\ %$/%FPRXVHLQIHFWLYLW\
)D\HUHW
DOD)D\HU
HWDOE
$UWLILFLDO
VHDZDWHUZLWK
VDOLQL\RI

  5HWDLQHGLQIHFWLYLW\ %$/%FPRXVHLQIHFWLYLW\
)D\HUHW
DOD)D\HU
HWDOE
$UWLILFLDO
VHDZDWHUZLWK
VDOLQLW\RI
SSW
  5HWDLQHGLQIHFWLYLW\ %$/%FPRXVHLQIHFWLYLW\
)D\HUHW
DOD)D\HU
HWDOE
&RZIHFHV
VXEPHUJHGLQ
VHPLVROLG
IHFHV
$PELHQW7HPS  /RJ '$3,3,
5REHUWVRQHW
DO
+XPDQIHFHV   /RJ '$3,3,
5REHUWVRQHW
DO
DUHWDLQHGLQIHFWLYLW\LQWKHPRXVHPRGHOEXWQRTXDQWLWDWLYHOHYHOVRIORVVUHSRUWHG
/DERUDWRU\H[SHULPHQWV IRULQVWDQFH LQGLFDWHG WKDWWKH
GXUDWLRQRI RRF\VW LQIHFWLYLW\ LQ ZDWHU GHFUHDVHGDV WKH
WHPSHUDWXUHLQFUHDVHGIURPr&WRr&.LQJHWDO
2RF\VWVPDLQWDLQKLJKOHYHOVRILQIHFWLYLW\IRUSHULRGVRIXS
WRZHHNVDWWHPSHUDWXUHVEHORZr&,QDFWLYDWLRQLV
PRUH UDSLG ZLWK D VOLJKW LQFUHDVH LQ HQYLURQPHQWDO
WHPSHUDWXUHRIr&DQGr&ZLWKDORJUHGXFWLRQLQ
LQIHFWLYLW\ DIWHU  ZHHNV RI LQFXEDWLRQ ([SRVXUH RI WKH
RRF\VWVWRr&DQGr&UHVXOWVLQFRPSOHWHLQDFWLYDWLRQ
LHORJUHGXFWLRQZLWKLQKDQGKUHVSHFWLYHO\
.LQJHWDO([SRVXUHRIWKHRRF\VWVWRWHPSHUDWXUHV
RIr&IRUPLQRUr&IRUPRUHWKDQPLQOHDGWR
FRPSOHWH ORVV RI LQIHFWLYLW\ )D\HU HW DO 
7HPSHUDWXUHVEHORZIUHH]LQJDUHDOVRGHWULPHQWDOWRRRF\VW
VXUYLYDO GXH WR SK\VLFDO GDPDJH KRZHYHU VWXGLHV KDYH
VKRZQWKDW RRF\VWV UHPDLQ LQIHFWLRXV IRU !ZHHNV LQ
ZDWHUVRLODQGIHFHVDWWHPSHUDWXUHVEHORZIUHH]LQJr&
3HQJ HW DO  7KH SUHGLFWHG LQFUHDVH LQ JOREDO
WHPSHUDWXUHPD\KDYHGUDPDWLFFRQVHTXHQFHVIRURRF\VW
ORQJHYLW\ LQ WKH HQYLURQPHQW ZLWK VPDOO LQFUHDVHV LQ
WHPSHUDWXUHDERYHr&LQFUHDVLQJLQDFWLYDWLRQ :DUPHU
WHPSHUDWXUHV RQWKHRWKHUKDQG PD\KDYHDQRSSRVLWH
HIIHFWLQDUHDVSURQHWRVRLOVXEVXUIDFHIUHH]LQJRUODNHLFH
FRYHUVZKHUHVXEVWDQWLDOQXPEHUVRIRRF\VWVPD\UHPDLQ
LQIHFWLYHDIWHUZLQWHUZKHUHSUHYLRXVO\WKH\PD\KDYHEHHQ
LQDFWLYDWHG.LQJDQG0RQLV
)LUVWRUGHUH[SRQHQWLDOPRGHOVKDYHEHHQXVHGWRFDOFXODWH
GLHRIIUDWHVRICryptosporidium RRF\VWVLQZDWHUVRLODQG
IHFHV XQGHU GLIIHUHQW HQYLURQPHQWDO FRQGLWLRQV 6WXGLHV
KDYH VKRZQ WKDW IRU D JLYHQ SHUFHQWDJH RI LQDFWLYDWHG
RRF\VWV . LH GLHRII UDWH FRHIILFLHQW RYHU DQ HQWLUH
LQFXEDWLRQ SHULRG LV LQYHUVHO\ SURSRUWLRQDO WR WKH
LQFXEDWLRQ WLPH )RU LQVWDQFH LI . LV  GD\  WKH
LQDFWLYDWLRQ RI  RI RRF\VWV UHTXLUHV  GD\V
FRPSDUHGWRGD\VZKHQ.LVGD\V3HQJHWDO
7KHUHODWLRQVKLSEHWZHHQ.DQGWHPSHUDWXUHLQWKH
HQYLURQPHQWFDQEHXVHGWR HYDOXDWHWKHULVNRI RRF\VW
FRQWDPLQDWLRQIRUSXEOLFKHDOWK
,Q QDWXUDO ZDWHUV LQFOXGLQJ ULYHU DQG ODNH ZDWHU
JURXQGZDWHUVHDZDWHUDVZHOODVWDSZDWHUWKHQDWXUDO
GLHRIIRICryptosporidium RRF\VWVLVOLNHO\WREHDIIHFWHGE\
D FRPELQDWLRQ RI DELRWLF DQG ELRWLF VWUHVVHV 7KXV WKH
FRPELQHGHIIHFWVRIFKHPLFDOSK\VLFDODQGELRORJLFDOZDWHU
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SURSHUWLHV DUH XVHG WR FDOFXODWH . YDOXHV 'LHRII UDWH
FRHIILFLHQWYDOXHVIRUULYHUZDWHUWDSZDWHUDQGVHDZDWHU
WDNHQ GLUHFWO\ IURPSXEOLVKHG GDWD LQGLFDWH WKDW RYHU D
UDQJHRIWRr&.YDOXHVDUHQRWVLJQLILFDQWO\GLIIHUHQW
7KHPHDQVsVWDQGDUGGHYLDWLRQVRI.YDOXHVUHSRUWHGIRU
ULYHUZDWHUWDSZDWHUDQGVHDZDWHUDWr&DUHs
  s  DQG  s  GD\V  
UHVSHFWLYHO\5REHUWVRQHWDO$OXPHWDO
:KHQSUHVHQWRQVXUIDFHVRULQVROLGVHJVRLORUVOXGJH
Cryptosporidium PD\UHVSRQGGLIIHUHQWO\WRYDULDWLRQVLQ
HQYLURQPHQWDO FRQGLWLRQV LQFOXGLQJ WHPSHUDWXUH UHODWLYH
KXPLGLW\5+SRURVLW\DQGRUJDQLFPDWWHU$OXPHWDO
2RF\VWVLQVRLOIRULQVWDQFHDUHOHVVVHQVLWLYHWRDLU
WHPSHUDWXUH DQG VRODU UDGLDWLRQ EHFDXVH RI WKHLU
DVVRFLDWLRQWRVRLOSDUWLFOHV6WXGLHVKDYHDOVRIRXQGWKDW
RRF\VWVLQPDQXUHDQGVRLOFDQVXUYLYHPRUHWKDQZHHNV
WRD\HDUIUR]HQDWr&DQGIRUHLJKWZHHNVDWWRr&EXW
RQO\ZHHNVDWWRr&2OVRQHWDO.YDOXHV
GHWHUPLQHG IRU GLIIHUHQW VRLOV SUHVHQW D ZLGH UDQJH RI
YDULDWLRQZLWKUHVSHFWWRWHPSHUDWXUHZLWKDYHUDJHYDOXHV
RI   DQG  GD\  DW   DQG r&
UHVSHFWLYHO\3HQJHWDO7KHOHYHORIDPPRQLDS+
DQG WHPSHUDWXUH LQ VRLO DQG PDQXUH VWRUDJHV KDYH
VLJQLILFDQWHIIHFWVRQRRF\VWVXUYLYDO6RLOVW\SLFDOO\FRQWDLQ
DPPRQLDOHYHOVEHWZHHQDQGSSPZKLFKDUHQRWKLJK
HQRXJKWRDIIHFWRRF\VWV+RZHYHUIUHVKO\IHUWLOL]HGVRLOV
WKDWFRQWDLQOHYHOVRIDPPRQLDDVKLJKDVSSPPD\
OHDGWRLQFUHDVHGUDWHVRILQDFWLYDWLRQ7KHUHIRUHDPPRQLD
LQGXFHGLQDFWLYDWLRQWKDWRFFXUVGXULQJVWRUDJHRIDQLPDO
ZDVWHSURGXFWVLV DQHIIHFWLYHVWUDWHJ\WRUHGXFHRRF\VW
QXPEHUVLQOLYHVWRFNZDVWHVEHIRUHEHLQJVSUHDGRQWRWKH
ODQG +XWFKLVRQ HW DO  $W ORZ FRQFHQWUDWLRQV RI
DPPRQLDDQGSSPWKHUHGXFWLRQRIC. parvumRRF\VW
VXUYLYDOLVPRUHSURQRXQFHGRYHUSURORQJHGSHULRGVRIWLPH
XSWRGD\VZLWKORJUHGXFWLRQLQYLDELOLW\DV
GHWHUPLQHG E\ WKH GLIIHUHQWLDO XSWDNH RI '$3,3,
'$3,3, 5HLQRVR HW DO D 0RUHRYHU VRLO
FRPSOH[LW\ LV LQWHUWZLQHG ZLWK VSDWLDO DQG WHPSRUDO
YDULDELOLW\ PRUH WKDQ ZDWHU DQG RRF\VWV LQ VRLOV DUH
VXEMHFWHGWRVWUHVVGULYHQE\WKHLQWHUDFWLRQRIWKHZDWHU
FRQWHQWDQGWKHWH[WXUH,QFXEDWLRQRIRRF\VWVIRUGD\V
LQGU\ORDP\VRLODWr&UHVXOWHGLQDORJUHGXFWLRQLQ
RRF\VW LQIHFWLYLW\ ZKLOH LQ VDWXUDWHG VRLO DW WKH VDPH
WHPSHUDWXUHFDXVHGRQO\DORJUHGXFWLRQ1DVVHUHWDO
,QIHFHVRRF\VWGHJUDGDWLRQLVIDVWHUWKDQLQZDWHU
ZLWKDPPRQLDDQGIHFDORUJDQLVPVDVZHOODVWHPSHUDWXUH
SOD\LQJDQLPSRUWDQWUROHDVLQDFWLYDWLRQDJHQWVRIRRF\VWV
3HQJHWDO
5HFHQWVWXGLHVFRQGXFWHGWRHYDOXDWHWKHSHUVLVWHQFHRIC.
parvum RRF\VWV H[SRVHG WR FKHPLFDO GLVLQIHFWDQWV HJ
HWKDQRO GHQDWXUHG HWKDQRO VRGLXP K\SRFKORULWH DQG
SHUR[LGHLQGLFDWHGWKDWORQJWHUPH[SRVXUHWLPHVDUHPRUH
HIIHFWLYHDWLQDFWLYDWLQJRRF\VWVWKDQWKRVHXVHGLQSUHYLRXV
VWXGLHV)RULQVWDQFH1D2&OIRUDWOHDVWKRXUVZDV
HIIHFWLYHWRDFKLHYHDORJLQDFWLYDWLRQRIRRF\VWVZKLOHD
SRRU HIIHFW  ORJ ZDV REVHUYHG DW WKH VDPH
FRQFHQWUDWLRQ RI VRGLXP K\SRFKORULWH  ZLWK DQ
H[SRVXUHWLPHRIPLQ6LPLODUO\DORJLQDFWLYDWLRQ
ZDVREVHUYHGE\XVLQJ+2DWDQH[SRVXUHWLPHRYHU
 K (WKDQRO ZDV  OHVV HIIHFWLYH DW  LQDFWLYDWLQJ
Cryptosporidium  RRF\VWV 'HOOLQJ HW DO 
$VWXG\H[DPLQLQJWKHHIIHFWV RI KHDW WUHDWPHQW RU
r&RQWKHYLDELOLW\RIC. parvumRRF\VWVLQRFXODWHGRQWR
WKHVXUIDFHRIEHHIPXVFOHREVHUYHGWKDWDWr&YLDELOLW\
GHFUHDVHGIURPDW7]HURWRDW7$Wr&WKH
YLDELOLW\RIWKHRRF\VWVGHFUHDVHGIURPDW7]HURWR
7DQGILQDOO\WRDW70RULDUW\HWDO
7KH LQIHFWLYLW\ RI WKH RRF\VWV ZDV DVVHVVHG DJDLQVW
PRQROD\HUVRI+&7FHOOVIROORZLQJWUHDWPHQWVRIr&
VHFRQGVDQGr&VHFRQGV7KHVWXG\FRQFOXGHGWKDW
WKH ZDVKLQJ RI FDUFDVVHV ZLWK KRW ZDWHU DQG VWDQGDUG
WKHUPDOWUHDWPHQWVLVVXIILFLHQWWRNLOOC. parvumRQEHHI
PXVFOH
3.0 Reduction by Sanitation Management
:DVWHZDWHU WUHDWPHQW UHSUHVHQWV WKH ILUVW EDUULHU LQ
SURWHFWLQJZDWHUVXSSOLHVIURPFRQWDPLQDWLRQRISDUDVLWHV
6WDGWHUPDQHWDO7DEOHVXPPDUL]HVWKHUHVXOWV
IURPVWXGLHVFRQGXFWHGZRUOGZLGHDWGLIIHUHQWZDVWHZDWHU
WUHDWPHQWSODQWVWKDWSURYLGHGLIIHUHQWOHYHOVRIWUHDWPHQW
IRUUHPRYDOLQDFWLYDWLRQRICryptosporidium IURPVHZDJH
Table 7. A Summary of studies on the removal efficiency of Cryptosporidium oocysts by different wastewater
treatment processes
Country Plant PopulationServed Primary Treatment Secondary Treatment Tertiary Treatment Disinfection
Oocyst/L
Influent
Average
Oocyst/L
Effluent
Average
Log10
Removal
Reference
%UD]LO  15 6FUHHQLQJDHUDWLRQ
$FWLYDWHG
VOXGJHVHFRQGDU\
FODULILFDWLRQ
1RQH 89 (s (  1HWRHWDO
%UD]LO  15 15 $FWLYDWHGVOXGJH
)LOWHUVFUHHQVDQG
DQWKUDFLWHILOWHU
PHPEUDQHILOWUDWLRQ
&KORULQH    +DFKLFKHWDO
%UD]LO  15 15 $FWLYDWHGVOXGJH 6DQGILOWUDWLRQ &KORULQH    +DFKLFKHWDO
%UD]LO  15 15 $QDHURELFDQGIDFXOWDWLYHSRQG
0DWXUDWLRQSRQGDQG
WULFNOLQJILOWHU 1RQH   
+DFKLFKHW
DO
&KLQD :73* 15 6FUHHQLQJDQGJULWUHPRYDO $FWLYDWHGVOXGJH 6DQGILOWUDWLRQ 1RQH (   )XHWDO
&KLQD :734 15 6FUHHQLQJDQGJULWUHPRYDO
$QDHURELFDQR[LFR[LF
SURFHVV
0HPEUDQH
XOWUDILOWUDWLRQ 2]RQHFKORULQH (   )XHWDO
,UHODQG 3ODQW$ (
6FUHHQLQJDQGJULW
VHSDUDWLRQ
6OXGJHDFWLYDWLRQLQ
R[LGDWLRQGLWFK 1RQH 1RQH
(
s s  &KHQJHWDO
Cryptosporidium spp.
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Country Plant PopulationServed Primary Treatment Secondary Treatment Tertiary Treatment Disinfection
Oocyst/L
Influent
Average
Oocyst/L
Effluent
Average
Log10
Removal
Reference
,UHODQG 3ODQW% ( 1RQH
6OXGJHDFWLYDWLRQLQ
H[WHQGHGDHUDWLRQWDQNV 1RQH 1RQH
(
s s  &KHQJHWDO
,UHODQG 3ODQW& (
6FUHHQLQJDQGJULW
VHSDUDWLRQ
6OXGJHDFWLYDWLRQLQ
H[WHQGHGDHUDWLRQWDQNV 1RQH 1RQH s s  &KHQJHWDO
,UHODQG 3ODQW' (
6FUHHQLQJDQGJULW
VHSDUDWLRQ
%LRILOPFRDWHGSHUFRODWLQJ
ILOWHU 1RQH 1RQH s s  &KHQJHWDO
,VUDHO 3ODQW$ ( 3ULPDU\VHWWOLQJ $FWLYDWHGVOXGJH 6ORZVDQGILOWUDWLRQ &KORULQDWLRQ   
7DUDQ%HQVKRVKDQ
HWDO
6SDLQ 3ODQW (
6FUHHQLQJDQGJULW
VHSDUDWLRQVHGLPHQWDWLRQ
$QDHURELF
GLJHVWLRQVHGLPHQWDWLRQ 1RQH 89 15 WR 
5RGULJXH]0DQ]DQR
HWDO
6SDLQ 3ODQW (
6FUHHQLQJDQGJULW
VHSDUDWLRQVHGLPHQWDWLRQ
$QDHURELF
GLJHVWLRQVHGLPHQWDWLRQ 6DQGILOWUDWLRQ 89 15 WR 
5RGULJXH]0DQ]DQR
HWDO
86$ 3ODQW$ ( 15 $FWLYDWHGVOXGJH 1RQH &KORULQDWLRQ ( ( 
.LWDMLPDHW
DO
86$ 3ODQW% ( 15 $FWLYDWHGVOXGJH 1RQH &KORULQDWLRQ ( ( 
.LWDMLPDHW
DO
86$ 3ODQW$ 15 3ULPDU\VHGLPHQWDWLRQ
$FWLYDWHG
VOXGJHVHFRQGDU\
VHGLPHQWDWLRQ
15 &KORULQDWLRQGHFKORULQDWLRQ ( ( s 6FKPLW]HWDO
86$ 3ODQW% 15 3ULPDU\VHGLPHQWDWLRQ
7ULFNOLQJ
ILOWHUVVHFRQGDU\
VHGLPHQWDWLRQ
15 &KORULQDWLRQGHFKORULQDWLRQ ( ( s 6FKPLW]HWDO
86$ 3ODQW& ( 'LVVROYHG$LU)ORWDWLRQ
VWDJH
%DUGHQSKRVHFRQGDU\
VHGLPHQWDWLRQ
'LVF)LOWUDWLRQ &KORULQDWLRQGHFKORULQDWLRQ ( ( s 6FKPLW]HWDO
86$ 3ODQW' 15 3ULPDU\VHGLPHQWDWLRQ
3VHXGREDUGHQSKRVWDJH
%DUGHQSKRVHFRQGDU\
VHGLPHQWDWLRQ
15 &KORULQDWLRQGHFKORULQDWLRQ ( ( s 6FKPLW]HWDO
86$ 3ODQW 15 15
$FWLYDWHGVOXGJHOLPH
WUHDWPHQW
6DQGILOWUDWLRQ8SIORZ
FDUERQDGVRUSWLRQ &KORULQDWLRQ ( (  5RVHHWDO
151RW5HSRUWHG
3.1 Excreta and Wastewater Treatment
2Q6LWHVDQLWDWLRQ
'U\RQVLWHVDQLWDWLRQV\VWHPV
&RPSRVWLQJEDVHG VDQLWDWLRQ V\VWHPV DOVR NQRZQ DV
FRPSRVWLQJ WRLOHWV GU\ WRLOHWV ELRORJLFDO WRLOHWV RU
ZDWHUOHVV WRLOHWV DUH HFRORJLFDO VDQLWDWLRQ WHFKQRORJLHV
ZKLFKUHTXLUHQHLWKHUZDWHUQRUVHZHUDJHLQIUDVWUXFWXUH
IRUWKHLURSHUDWLRQ$OWKRXJKWKH\DUHSULPDULO\XVHGLQWKH
GHYHORSHGZRUOGZDWHUOHVVVDQLWDWLRQV\VWHPVUHSUHVHQWD
YLDEOHVROXWLRQIRUDUHDVZKHUHSRRUVDQLWDWLRQH[LVWVDQG
ZDWHU LV VFDUFH *UDKDPHW DO  $QDQGDQG$SXO
 &RPSRVWLQJ WRLOHWV DOVR ILW LQ ZLWK WRGD\އV
XQGHUVWDQGLQJ RI VXVWDLQDEOH FRQVWUXFWLRQ VLQFH WKH\
UHGXFH ZDWHU DQG ZDVWHZDWHU IORZV ZLWKLQ D EXLOGLQJ
7KHVHGU\VDQLWDWLRQV\VWHPVFDQEHYHU\FRVWHIILFLHQWDQG
IXUWKHUPRUH SURGXFH EODFN VRLO DQG ZDWHU WKDW FDQ EH
UHXVHG>WHUUDSUHWDVDQLWDWLRQ736@2WWHUSRKODQG%X]LH
7KHUHDUHWZREDVLFW\SHVRIZDWHUOHVVWRLOHWVEDVHG
RQZKHWKHUWKH\WUHDWELRVROLGZDVWHE\ELRGHJUDGDWLRQRU
GHK\GUDWLRQ %LRGHJUDGLQJ WRLOHWV SURPRWH SDWKRJHQ
UHGXFWLRQE\LQFUHDVLQJWKHWHPSHUDWXUHRIWKHFRPSRVWLQJ
SLOHWRDVKLJKDVr&E\WKHDFWLRQRIWKHUPRSKLOLFDHURELF
EDFWHULDO JURZWK 'HK\GUDWLQJWRLOHWV UHO\ RQGHVLFFDWLRQ
DQGKLJKS+!DUHVXOWRIORZPRLVWXUHFRQWHQW
PRLVWXUHE\ZHLJKWDQGWKHDGGLWLRQRIDQDONDOLQHDJHQW
2QHVWXG\HYDOXDWHGWKHHIIHFWLYHQHVVRIELRGHJUDGLQJDQG
GHK\GUDWLQJZDWHUOHVVWRLOHWVLQUHGXFLQJCryptosporidium
LQKXPDQIHFHVRYHUVL[PRQWKVXVLQJ,)$7KHVWXG\IRXQG
D VWDWLVWLFDOO\ VLJQLILFDQW GLIIHUHQFH RYHU WLPH LQ
Cryptosporidium  GHWHFWHG LQ WKH GHK\GUDWLQJ V\VWHP
FRPSDUHGWRWKHELRGHJUDGLQJV\VWHP$FFRUGLQJWRWKLV
VWXG\WKHGUDPDWLFGHFUHDVHDFKLHYHGE\WKHGHK\GUDWLQJ
WRLOHWVZDVWKHUHVXOWRIWKHDGGHGOLPHDQGORZPRLVWXUH
OHYHOVZKLFKLQFUHDVHGS+LQWKHV\VWHPWRDQG
SURGXFHG GHVLFFDWLQJ FRQGLWLRQV *UDKDP HW DO 
%RWKHQYLURQPHQWDOIDFWRUVKLJKS+DQGGHVLFFDWLRQDUH
NQRZQWRSURPRWHLQDFWLYDWLRQDQGNLOOLQJRISDWKRJHQV
,QDFWLYDWLRQE\VWRUDJH
&RPSRVWLQJLVLQFUHDVLQJO\FRQVLGHUHGDJRRGZD\IRU
UHF\FOLQJ WKH VXUSOXV RI PDQXUH DV D VWDELOL]HG DQG
VDQLWL]HGHQGSURGXFWIRUDJULFXOWXUH%HUQDOHWDO
&RPSRVWLQJ RI RUJDQLF ZDVWHV LV D ELRR[LGDWLYH SURFHVV
LQYROYLQJWKHPLQHUDOL]DWLRQDQGSDUWLDOKXPLILFDWLRQRIWKH
RUJDQLFPDWWHUOHDGLQJWRDVWDELOLVHGILQDOSURGXFWIUHHRI
SK\WRWR[LFLW\ DQG SDWKRJHQV DQG ZLWK FHUWDLQ KXPLF
SURSHUWLHV ,Q SODFHV ZKHUH GU\ VDQLWDWLRQ LV XVHG D
FRPPRQPHWKRGIRUWUHDWPHQWLVDGGLWLRQRIDVKRUOLPHIRU
UDLVLQJWKHS+DQGGU\LQJWKHVXUIDFHRIWKHIDHFDOPDWWHU
DIWHUGHIHFDWLRQFRPELQHGZLWKORQJWHUPVWRUDJH
7KHUPDOFRPSRVWLQJDQGDPPRQLDWUHDWPHQWZLWKVWRUDJH
DUHVDQLWDWLRQPHWKRGVIRUSURGXFWLRQRIIHFHVDQGPDQXUH
VDIHWRXVHDVDIHUWLOL]HURQDUDEOHODQG'XULQJWKHSURFHVV
RI DQDHURELF GLJHVWLRQ XS WR  UHGXFWLRQ LQ
Cryptosporidium YLDELOLW\RFFXUVZLWKLQDVKRUWSHULRGRI
WLPH IRXU GD\V ZKHQ KHDW LV XVHG LQ WKH V\VWHP
0HVRSKLOLFDQDHURELFGLJHVWLRQOHDGVWRDORJUHGXFWLRQ
LQRRF\VWVXUYLYDOZKLOHWKHUPRSKLOLFDQDHURELFGLJHVWLRQ
OHDGVWRDORJUHGXFWLRQ9HUPHXOHQHWDO
7KHVXUYLYDORIC. parvumLQDQLPDOPDQXUHVDQGPDQXUH
VOXUULHVKDVEHHQRIWHQVWXGLHGXQGHUFRQWUROOHGODERUDWRU\
FRQGLWLRQV 7KHVH VWXGLHV KDYH GHPRQVWUDWHG WKDW
WHPSHUDWXUHVEHWZHHQDQGr&WKDWQRUPDOO\RFFXULQ
FRPSRVWLQJ DQLPDO ZDVWH SLOHV PD\ LQDFWLYDWH  ORJ
Cryptosporidium spp.
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RIYLDEOHRRF\VWVLQDSSUR[LPDWHO\WRGD\V
UHVSHFWLYHO\%HDQHWDO$VWXG\EDVHGRQWKHG\H
SHUPHDELOLW\DVVD\UHSRUWHGFRHIILFLHQWVRILQDFWLYDWLRQRU
GLHRIIUDWH.RIsDW&DQGsDW
r&-HQNLQVHWDO,QDQRWKHUVWXG\DEHQFKVFDOH
PRGHORIOLPHVWDELOL]HGELRVROLGVZDVGHVLJQHGWRHYDOXDWH
WKHSHUVLVWHQFHRIYLUDOEDFWHULDODQGSDUDVLWLFSDWKRJHQV
Cryptosporidium  RRF\VWV UHPDLQHG YLDEOH IROORZLQJ 
KRXUV RI OLPLQJ 7KHSHUVLVWHQFHRI RRF\VWV DIWHU OLPLQJ
VXJJHVWHGWKDWC. parvumZRXOGEHDEHWWHUFKRLFHWKDQ
Salmonella DVLQGLFDWRUIRUHYDOXDWLQJELRVROLGVLQWHQGHG
IRUODQGDSSOLFDWLRQ%HDQHWDO
$UHFHQWVWXG\FDOFXODWHGOLYHVWRFNCryptosporidium VSS
ORDGV WR ODQG RQ D JOREDO VFDOH XVLQJ VSDWLDOO\ H[SOLFLW
SURFHVVEDVHG PRGHOOLQJ 9HUPHXOHQ HW DO  7KH
VWXG\UHYHDOHGDWRWDOJOREDOCryptosporidium RRF\VWORDG
IURPOLYHVWRFNPDQXUHRI[RRF\VWVSHU\HDU&DWWOH
HVSHFLDOO\FDOYHVZHUHWKHODUJHVWFRQWULEXWRUVIROORZHGE\
FKLFNHQVDQGSLJV6SDWLDOGLIIHUHQFHVZHUHOLQNHGWRDQLPDO
VSDWLDOGLVWULEXWLRQV1RUWK$PHULFD(XURSHDQG2FHDQLD
WRJHWKHUDFFRXQWHGIRUQHDUO\DTXDUWHURIWKHWRWDORRF\VW
ORDGPHDQLQJWKDWWKHGHYHORSLQJZRUOGDFFRXQWHGIRUWKH
ODUJHVW VKDUH 7KH VWXG\ IRXQG WKDW DOWKRXJK PDQXUH
VWRUDJHKDOYHGRRF\VWORDGVPDQXUHWUHDWPHQWHVSHFLDOO\
RIFDWWOHPDQXUHDQGSDUWLFXODUO\DWHOHYDWHGWHPSHUDWXUHV
KDGDODUJHUORDGUHGXFWLRQSRWHQWLDOXSWRORJXQLWV
WKDQPDQXUHVWRUDJH5HJLRQVZLWKKLJKUHGXFWLRQSRWHQWLDO
LQFOXGH,QGLD%DQJODGHVK:HVWHUQ(XURSH&KLQDVHYHUDO
FRXQWULHVLQ$IULFDDQG1HZ=HDODQG
:DWHUEDVHGRQVLWHVDQLWDWLRQVHSWLFWDQNV
6HSWLFWDQNVDQGSLWODWULQHVDUHWZRW\SHVRIRQVLWH
VDQLWDWLRQV\VWHPVLQZKLFKH[FUHWDDQGZDVWHZDWHUDUH
FROOHFWHGVWRUHGRUWUHDWHGDWWKHVDPHORFDWLRQZKHUHWKH\
DUHJHQHUDWHG7KHVHW\SHVRIZDWHUOHVVVDQLWDWLRQV\VWHPV
ZKLFKUHTXLUHQHLWKHUZDWHUQRUVHZHUDJHLQIUDVWUXFWXUH
IRUWKHLURSHUDWLRQUHSUHVHQWDYLDEOHVROXWLRQIRUDUHDV
ZKHUHSRRUVDQLWDWLRQH[LVWVDQGZDWHULVVFDUFH*UDKDP
HWDO
3LW ODWULQHV XVXDOO\ ODFN D SK\VLFDO EDUULHU VXFK DV
FRQFUHWH EHWZHHQ VWRUHG H[FUHPHQW DQG VRLO DQGRU
JURXQGZDWHU7KHUHIRUHHQWHULFSDWKRJHQVIURPSLWODWULQHV
FDQHQWHUJURXQGZDWHUDQGWKXVLQFUHDVHWKHULVNRIKXPDQ
H[SRVXUHWRWKHVHSDWKRJHQV6WXGLHVKDYHHVWLPDWHGWKDW
DSSUR[LPDWHO\ELOOLRQSHRSOHXVHSLWODWULQHVDVWKHLU
SULPDU\PHDQVRIVDQLWDWLRQ*UDKDPDQG3ROL]]RWWR
+RZHYHU D OLPLWHG QXPEHU RI VWXGLHV KDYH H[SOLFLWO\
H[DPLQHG OLQNV EHWZHHQ JURXQGZDWHU SROOXWLRQ DQG
FRQWDPLQDWLRQIURPSLWODWULQHV1RUHOHYDQWGDWDRQWKHXVH
DQGHIIHFWRIVHSWLFWDQNVRQVXUYLYDORICryptosporidium
RRF\VWVRURFFXUUHQFHZHUHIRXQG+RZHYHU SLW ODWULQHV
UHPDLQDQLPSRUWDQWVWUDWHJ\IRULPSURYLQJWKHFRQGLWLRQV
RI KXPDQ H[FUHPHQW UHPRYDO GHVSLWH WKH SRWHQWLDO IRU
JURXQGZDWHUFRQWDPLQDWLRQ7KLVV\VWHPLVFRQVLGHUHGWKH
PRVWEDVLFRSWLRQIRUORZLQFRPHFRXQWULHVWRUHGXFHWKH
OHYHORI RSHQGHIHFDWLRQDQGH[SDQGDFFHVVWRLPSURYHG
VDQLWDWLRQ2PDURYDHWDO
:DVWHVWDELOL]DWLRQSRQGV
:DVWH VWDELOL]DWLRQ SRQGV :63V HPSOR\ QDWXUDO
SURFHVVHV WR WUHDW GRPHVWLF ZDVWHZDWHU VHSWDWH DQG
VOXGJH DV ZHOO DV DQLPDO RU LQGXVWULDO ZDVWHV DQG DUH
IUHTXHQWO\ XVHG LQ FRPELQDWLRQ ZLWK RWKHU VDQLWDWLRQ
WHFKQRORJLHV 7KH PRVW FRPPRQ W\SHV RI :63V DUH
DQDHURELF SRQGV IDFXOWDWLYH SRQGV PDWXUDWLRQ SRQGV
DHUDWHG SRQGV DQG KLJKUDWH DOJDO SRQGV +5$3V
3DWKRJHQ UHPRYDO IURPZDVWHZDWHU LQ :63V DQG ZDVWH
VWDELOL]DWLRQSRQGV\VWHPVZDVUHFHQWO\UHYLHZHG9HUE\OD
HW DO  $FFRUGLQJ WR WKH UHYLHZ XQGHU RSWLPDO
FRQGLWLRQVUHPRYDOHIILFLHQFLHVLQIXOOVFDOH:63V\VWHPV
ZLWK VHYHUDO XQLWV LQ VHULHV FDQ EH DV KLJK DV  ORJ
RRF\VWV KRZHYHUWKHHIILFLHQF\RISDWKRJHQUHPRYDOLQ
IXOOVFDOHV\VWHPVLVKLJKO\YDULDEOHDQGLQSUDFWLFHPDQ\
:63V\VWHPVDFKLHYHRQO\WRORJ UHPRYDO$QRWKHU
VWXG\ LQYHVWLJDWHG WKH HIILFLHQF\ LQ WKH UHPRYDO RI
Cryptosporidium RRF\VWVLQD:63V\VWHPIRUPHGE\WZR
DQDHURELFSRQGVDIDFXOWDWLYHSRQGDQGDPDWXUDWLRQSRQG
Cryptosporidium RRF\VWVZHUHUHGXFHGE\DQDYHUDJHRI
ORJ5HLQRVRHWDO7KHDQDHURELFSRQGVVKRZHG
VLJQLILFDQWO\KLJKHUVXUIDFHUHPRYDOUDWHVORJP

GD\WKDQIDFXOWDWLYHDQGPDWXUDWLRQSRQGV7KHVWXG\DOVR
GHPRQVWUDWHG WKDW VXQOLJKW DQG ZDWHU SK\VLFRFKHPLFDO
FRQGLWLRQV ZHUHWKH PDLQ IDFWRUV LQIOXHQFLQJC.  parvum
RRF\VWV UHPRYDO ERWK LQ WKH DQDHURELF DQG PDWXUDWLRQ
SRQGV ZKHUHDV RWKHU IDFWRUV OLNH SUHGDWLRQ RU QDWXUDO
PRUWDOLW\ZHUHPRUHLPSRUWDQWLQWKHIDFXOWDWLYHSRQG
,QDFWLYDWLRQRIRRF\VWVE\KLJKUDWHDOJDOSRQGV+5$3ZDV
KLJKHU WKDQ ZLWK FRQYHQWLRQDO ZDVWHZDWHU WUHDWPHQW
V\VWHPV$UDNLHWDO+LJKS+DQGVXQOLJKWLQ
WKH+5$3ZHUHWKHWZRPDMRUSK\VLFRFKHPLFDOFRQGLWLRQV
UHVSRQVLEOHIRUWKHLQDFWLYDWLRQRIPRUHWKDQORJ
RIWKHC. parvumRRF\VWVDFKLHYHGLQOHVVWKDQGD\V
0LFURELDOUHPRYDOUDWHVZHUHVWXGLHGLQPDWXUDWLRQSRQGV
DWIRXU:63VZLWKDQGZLWKRXWEDIIOHVLQUXUDODQGUHPRWH
FRPPXQLWLHVLQ$XVWUDOLDCryptosporidium VSSRRF\VWVLQ
PDWXUDWLRQSRQGVZHUHPHDVXUHGDWWKHLQOHWDQGRXWOHW
/RZQXPEHUVRICryptosporidium RRF\VWVZHUHGHWHFWHGLQ
WKHLQOHWVDPSOHVRIDOOSRQGVEXWWKHUHFRYHU\UDWHVZHUH
DOVRORZ'HVSLWHWKHVHUHVXOWVWKHVWXG\GHPRQVWUDWHGD
VLJQLILFDQW UHPRYDO RI RRF\VWV LQ WKH :63 ZLWK EDIIOHG
PDWXUDWLRQSRQGV6KHOXGFKHQNRHWDO7KLVV\VWHP
FRPSULVHGDSULPDU\IDFXOWDWLYHSRQGEDIIOHGPDWXUDWLRQ
SRQG ZLWK  GD\V UHWHQWLRQ WLPHV WZR FRQVWUXFWHG
ZHWODQGVDQGWKUHHUHHIEHGV2QWKHRWKHUKDQGRQHWKH
QRQEDIIOHGV\VWHPVZDVGHHSHUWKDQH[SHFWHGZLWKPDUNHG
VWUDWLILFDWLRQ DQG KLJK WXUELGLW\ 7KHVH IDFWRUV WRJHWKHU
ZLWKVKRUWPLQUHWHQWLRQWLPHFDXVHGUHGXFHGOLJKW
SHQHWUDWLRQ DQG UHGXFHG PL[LQJ ZKLFK OHG WR SRRU
UHGXFWLRQ RI RRF\VWV 1R UHGXFWLRQ LQ WKH QXPEHU RI
Cryptosporidium  ZDV REVHUYHG LQ DQRWKHU QRQEDIIOHG
V\VWHP FRQVLVWLQJ RI D SULPDU\ IDFXOWDWLYH SRQG WKUHH
FRQVHFXWLYHPDWXUDWLRQSRQGVRIVLPLODUVL]HDQHVWLPDWHG
GD\VRIUHWHQWLRQWLPHHDFKDQGDILQDOHYDSRUDWLRQ
SRQG7KHKLJKORJUHPRYDORIPLFURRUJDQLVPVLQFOXGLQJ
SURWR]RDQ RRF\VWV REVHUYHG DW WKH EDIIOHG V\VWHP ZDV
DWWULEXWHGWRWKHORQJHVWUHWHQWLRQWLPHRIWKHPDWXUDWLRQ
SRQGV9HUE\ODHWDOKDYHLQGLFDWHGWKDWVRPHRIWKH
Cryptosporidium spp.
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PRVW LPSRUWDQW IDFWRUV LQIOXHQFLQJ SDWKRJHQ UHPRYDO
HIILFLHQF\ LQ :63VLQFOXGHK\GUDXOLF UHWHQWLRQWLPHDQG
HIILFLHQF\ZDWHUFODULW\SRQGGHSWKVXQOLJKWH[SRVXUHDQG
SHQHWUDWLRQWHPSHUDWXUHDQGS+
$HUDWHGODJRRQV
$HUDWHGODJRRQVDUHFRPPRQO\XVHGIRUELRWUHDWPHQWRI
PXQLFLSDO DQG LQGXVWULDO ZDVWHZDWHUV VXFK DV SXOS DQG
SDSHU PLOO HIIOXHQWV 6XFK ODJRRQV KDUERU FRPSOH[
PLFURELDO FRPPXQLWLHV ZKLFK DUH VHOHFWHG E\ WKH
SK\VLFRFKHPLFDOSURSHUWLHVRIWKHZDVWHZDWHUWKHGHVLJQ
DQG RSHUDW LRQ RI  WKH  ODJRRQ DQG WKH DPELHQW
HQYLURQPHQWDOFRQGLWLRQV<XDQG0RKQ2QHVWXG\
HYDOXDWHGWKHUHGXFWLRQRICryptosporidium RRF\VWVLQWZR
VHZDJH WUHDWPHQW SODQWV LQ 0DOD\VLD ZKLFK HPSOR\HG
H[WHQGHGDHUDWLRQ($SODQW$DQGDHUDWHGODJRRQ$/
SODQW % /LP HW DO  7KH FRQFHQWUDWLRQ RI
Cryptosporidium RRF\VWVLQUDZVHZDJHUDQJHGIURPWR
 RRF\VWV/ ,Q WUHDWHG VHZDJH Cryptosporidium  ZDV
IRXQGLQRIRIWKHVDPSOHVLQERWKSODQWVZLWK
FRQFHQWUDWLRQVUDQJLQJIURPWRRRF\VWV/IRUSODQW$
DQGWRRRF\VWV/IRUSODQW%+RZHYHUWKHVWDWLVWLFDO
DQDO\VLVVKRZHGWKDWWKHVHZDJHWUHDWPHQWSURFHVVZKLFK
HPSOR\HG H[WHQGHG DHUDWLRQ V\VWHP SURYLGHG PRUH
VLJQLILFDQW UHGXFWLRQ RI Cryptosporidium  RRF\VWV 
ORJ WKDQ WKH WUHDWPHQW SURFHVV ZKLFK HQFRPSDVVHG
DHUDWHGODJRRQORJ7KHH[WHQGHGDHUDWLRQV\VWHP
FRQVLVWHGRIR[LGDWLRQZLWK2ZKLFKLQWURGXFHGDLULQWKH
IRUPRI ILQH EXEEOHV WKURXJKVXEPHUJHGGLIIXVHUV )LQH
EXEEOHVSURPRWHKLJKHUR[\JHQWUDQVIHUHIILFLHQF\ZKHUHDV
LQWKHDHUDWHGODJRRQV\VWHPWKHR[LGDWLRQZLWK2XVHV
VXUIDFHDHUDWRUVWRSURYLGHDLU
&RQVWUXFWHGZHWODQGV
&RQVWUXFWHG ZHWODQGV DUH D VXVWDLQDEOH WHUWLDU\
WUHDWPHQWDOWHUQDWLYHWKDWXVHQDWXUDOSURFHVVHVLQYROYLQJ
ZHWODQGYHJHWDWLRQ VRLOV DQGWKHLU DVVRFLDWHGPLFURELDO
D V V HP E O D J H V  W R  L P S U R Y H  Z D W H U  T X D O L W \
KWWSVZZZHSDJRYZHWODQGVFRQVWUXFWHGZHWODQGV
:HWODQG EHKDYLRU DQG HIILFLHQF\ FRQFHUQLQJ ZDVWHZDWHU
WUHDWPHQW LV PDLQO\ OLQNHG WR PDFURSK\WH FRPSRVLWLRQ
VXEVWUDWHK\GURORJ\VXUIDFHORDGLQJUDWHLQIOXHQWIHHGLQJ
PRGH PLFURRUJDQLVP DYDLODELOLW\ DQG WHPSHUDWXUH
$OPXNWDUHWDO  7KHPDLQPHFKDQLVPVE\ZKLFK
PLFURRUJDQLVPV DQG RWKHU SROOXWDQWV DUH UHPRYHG LQ
FRQVWUXFWHG ZHWODQGV KDYH EHHQ GHVFULEHG LQ SUHYLRXV
VWXGLHV)DXOZHWWHUHWDO*DUF¯DHWDO6DHHG
DQG6XQ)LOWUDWLRQDQGDGVRUSWLRQWRURRWVXEVWUDWH
FRPSOH[HVDQGDVVRFLDWHGELRILOPKDYHEHHQVKRZQWREH
WKH PDLQ UHPRYDO PHFKDQLVPV RI LQWHVWLQDO SDUDVLWHV LQ
QDWXUDO ZDVWHZDWHU WUHDWPHQW V\VWHPVVXFKDV ZHWODQGV
4XLQRQH]'LD]HWDO 5HLQRVRHWDO 2WKHU
PHFKDQLVPV RI UHPRYDO FRXOG EH VHGLPHQWDWLRQ DQG
SUHGDWLRQ4XLQRQH]'LD]HWDO 6WRWWHWDO 
5HLQRVRHWDOE7KHWZRPDMRUW\SHVRIFRQVWUXFWHG
ZHWODQGVDUHVXEVXUIDFHೱRZ66)DQGIUHHZDWHUVXUIDFH
):6RUVXUIDFHೱRZV\VWHPV):6V\VWHPVDUHWKRVHZLWK
SODQWVJURZQLQVRLORUDQRWKHUPHGLDZLWKYLVLEOHZDWHU
W\SLFDOO\ ށ  PLQ GHSWK ,Q 66)FRQ೰JXUDWLRQV WKH
ZDVWHZDWHUೱRZVWKURXJKWKHPHGLDDQGEHORZWKHVXUIDFH
OHYHODQGWKHUHLVOLWWOHLIDQ\YLVLEOHZDWHU4XLQRQH]'LD]
HWDO$SLORWVFDOHFRQVWUXFWHGZHWODQGFRQVLVWLQJRI
WZRFHOOVRQHSODQWHGZLWKEXOUXVKDQGWKHRWKHUXQSODQWHG
EDUH VDQG ZHUH XVHG WR FRPSDUH WKHLU HIILFLHQF\ LQ
UHPRYLQJ Cryptosporidium  RRF\VWV IURP UDZ VHZDJH
4XLQRQH]'LD]HWDO2YHUDOO!ORJUHPRYDOZDV
DFFRPSOLVKHGE\ERWKWKHVXUIDFHIORZIURPSODQWHGFHOO
DQG IORZ IURP WKH XQSODQWHG FHOO +RZHYHU WKH VWXG\
UHSRUWHGJUHDWHUUHPRYDOLQWKHVXUIDFHIORZRIWKHSODQWHG
FHOO WKDQ WKH EDUH VDQG ZKLFK ZDV DWWULEXWHG WR WKH
HQKDQFHPHQW RI VHGLPHQWDWLRQ RU DGVRUSWLRQ E\ WKH
SUHVHQFHRISODQWVEXOUXVKLQWKHV\VWHP
,Q DQRWKHU VWXG\ PXOWLVSHFLHV ZHWODQGV RQH UHFHLYLQJ
XQFKORULQDWHG VHFRQGDU\ HIIOXHQW DQG WKH RWKHU SRWDEOH
GLVLQIHFWHGJURXQGZDWHUZHUHXVHGWRDVVHVVWKHUHPRYDO
RI Cryptosporidium RRF\VWV 7KXUVWRQ HW DO  7KH
XQFKORULQDWHG VHFRQGDU\ WUHDWHG ZDVWHZDWHU KDG EHHQ
SUHYLRXVO\WUHDWHGE\SDVVDJHWKURXJKDGXFNZHHGFRYHUHG
SRQG(DFKZHWODQGKDGDUHWHQWLRQWLPHRI GD\V 1R
Cryptosporidium RRF\VWVZHUHGHWHFWHGLQWKHLQIOXHQWDQG
HIIOXHQWIORZVRIWKHSRWDEOHZDWHUVXSSOLHGZHWODQG,QWKH
ZDVWHZDWHUVXSSOLHGZHWODQGWKHOHYHORICryptosporidium
RRF\VWVUDQJHGIURPWR/LQWKHLQIOXHQWDQG
WR/LQ WKHHIIOXHQW 7KHORJ UHGXFWLRQRI RRF\VWV
UDQJHGIURPWRORJ
$FRPELQHGFRQVWUXFWHGZHWODQGIRUPHGE\DIDFXOWDWLYH
SRQG )3 D ):6DQG D 66) ZDV VWXGLHG LQ RUGHU WR
HYDOXDWHWKHLUHIILFLHQF\LQWKHUHPRYDORICryptosporidium
DQG LQGLFDWRU PLFURRUJDQLVPV DQG WR GHWHUPLQH WKHLU
UHODWLRQVKLSV5HLQRVRHWDOE2YHUDOOWKHZHWODQG
V\VWHPHIIHFWLYHO\UHPRYHGDOOPLFURRUJDQLVPVVWXGLHG7KH
66)ZHWODQGZDVVLJQLILFDQWO\PRUHHIILFLHQWLQWKHUHPRYDO
RI Cryptosporidium  RRF\VWV  ORJ WKDQ WKH ):6
ZHWODQGORJDQGWKHIDFXOWDWLYHSRQGORJ
1R Cryptosporidium  RRF\VWV ZHUH GHWHFWHG LQ WKH ILQDO
HIIOXHQWLQGLFDWLQJDFXPXODWLYHWUHDWPHQWV\VWHPUHPRYDO
RI!ORJ6LJQLILFDQWFRUUHODWLRQVZHUHIRXQGEHWZHHQ
Cryptosporidium DQGIDHFDOLQGLFDWRUVLQWKHLQIOXHQWRIWKH
WUHDWPHQW V\VWHP EXW QRW LQ WKH RWKHU VDPSOLQJ SRLQWV
VXJJHVWLQJWKDWVXFKUHODWLRQVYDULHGDORQJWKHV\VWHPGXH
WRWKHGLIIHUHQWVXUYLYDOUDWHVRIWKHPLFURRUJDQLVPV7KH
VWXG\ GHPRQVWUDWHG WKDW WKH FRPELQHG XVH RI GLIIHUHQW
QDWXUDOZDVWHZDWHUWUHDWPHQWV\VWHPVUHPRYHGVLJQLILFDQW
DPRXQWV RI SDWKRJHQLF DQG LQGLFDWRU PLFURRUJDQLVPV
+RZHYHUWKHVHUHGXFWLRQVZHUHQRWHQRXJKIRUDVDIHW\
UHXVHRIWKHILQDOHIIOXHQW
 &RPELQHG VHZHU RYHUIORZV ށ WUHDWPHQW RI IHFDOO\
SROOXWHGVWRUPZDWHU
&RPELQHG VHZHU RYHUIORZV &62V DUH VHZDJH
FROOHFWLRQ V\VWHPV WKDW WUDQVSRUW UDLQZDWHU UXQRII
GRPHVWLFVHZDJHDQGLQGXVWULDOZDVWHZDWHULQWRRQHSLSH
8QGHUQRUPDOFRQGLWLRQVLWWUDQVSRUWVDOORIWKHZDVWHZDWHU
LWFROOHFWVWRDVHZDJHWUHDWPHQWSODQWIRUWUHDWPHQWWKHQ
GLVFKDUJHVWRDZDWHUERG\+RZHYHUZKHQWKHYROXPHRI
ZDVWHZDWHUH[FHHGVWKHFDSDFLW\RIWKHFROOHFWLRQV\VWHPRU
WUHDWPHQW SODQW HJ GXULQJ KHDY\ UDLQIDOO HYHQWV RU
VQRZPHOW WKLV UXQRII LV GLVFKDUJHG GLUHFWO\ WR QHDUE\
VWUHDPVULYHUV DQGRWKHUZDWHUERGLHVFDXVLQJDGYHUVH
Cryptosporidium spp.
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HQYLURQPHQWDOLPSDFWV&62VFRQWDLQXQWUHDWHGRUSDUWLDOO\
WUHDWHGKXPDQDQGLQGXVWULDOZDVWHWR[LFPDWHULDOVDQG
GHEULVDVZHOO DVVWRUPZDWHU 7KH86(3$KDVLGHQWLILHG
&62VDVDSULRULW\ZDWHUSROOXWLRQFRQFHUQIRUWKHQHDUO\
 PXQLFLSDOLWLHV DFURVV WKH 86 WKDW KDYH FRPELQHG
V H Z D J H  V \ V W H P V
KWWSVZZZHSDJRYQSGHVFRPELQHGVHZHURYHUIORZV
FVRV
$VWXG\LQYHVWLJDWHGWKHRFFXUUHQFHRICryptosporidium LQ
DQXUEDQGUDLQDJHGXULQJGU\ZHDWKHUFRPSDUHGWRWKHLU
RFFXUUHQFHLQD&62HQGRISLSHGLVFKDUJHWRGHWHUPLQHWKH
ORDGLQJSRWHQWLDODQGWKHSRWHQWLDOKXPDQKHDOWKLPSDFWV
*LEVRQ HW DO  Cryptosporidium  RRF\VWV ZHUH
FRPPRQO\ REVHUYHG LQ WKH XUEDQ VWUHDP GXULQJ GU\
ZHDWKHU FRQGLWLRQV ZLWK FRQFHQWUDWLRQV RI 
RRF\VWVP/7KH&62HQGRISLSHVDPSOHVGXULQJZHW
ZHDWKHU FRQGLW LRQV GLVFKDUJHG KLJK  OHYHOV RI
Cryptosporidium UDQJLQJIURPWRRRF\VWV/
7KH VWXG\ GHPRQVWUDWHG WKDW &62V FDQ VLJQLILFDQWO\
FRQWULEXWH WR WKH ORDG RI &U\SWRVSRULGLXP LQ DPELHQW
ZDWHUVXVHGIRUUHFUHDWLRQDQGSRWDEOHZDWHUVXSSO\
$QRWKHU VWXG\ RI WKH &KLFDJR $UHD :DWHUZD\ 6\VWHP
&$:6LQYHVWLJDWHGWKHLPSDFWRID&62RQWKHPLFURELDO
TXDOLW\ RI WKH &$:6 5LMDO HW DO  'U\ DQG ZHW
ZHDWKHUVDPSOHVZHUHFROOHFWHGXSVWUHDPDQGGRZQVWUHDP
RI WKUHH ZDWHU UHFODPDWLRQ IDFLOLWLHV WKDW GLVFKDUJH
VHFRQGDU\ WUHDWHG ZDVWHZDWHU HIIOXHQW LQWR WKH &$:6
Cryptosporidium HQXPHUDWLRQLQFOXGHGLQIHFWLRXVRRF\VWV
LQ WKH &$:6 XVLQJ FHOO FXOWXUH 7KH FRQFHQWUDWLRQV RI
RRF\VWVDFURVVDOOVDPSOHVZHUHJHQHUDOO\YHU\ORZ
RRF\VWV/DVIHZDVWZRLIDQ\GHWHFWHGLQHDFKVDPSOH
DQDO\]HG )RUGU\ZHDWKHU&$:6VDPSOHV QRLQIHFWLRXV
RRF\VWVZHUHGHWHFWHG2YHUDOOWKHFRPELQHGZHWDQGGU\
ZHDWKHUSHUFHQWDJHRILQIHFWLRXVIRFLZDVHVWLPDWHGWREH
DSSUR[LPDWHO\RIVDPSOHV>GU\ZHDWKHUDQG
ZHWZHDWKHUVDPSOHV@ FRQWDLQHGLQIHFWLRXVIRFL 7KH
VWXG\IRXQGSDWKRJHQORDGVLQWKH&$:6DQGUHFUHDWLRQDO
XVHU ULVNV IRU *, LOOQHVV DVVRFLDWHG SULPDULO\ ZLWK ZHW
ZHDWKHULQSXWV$VDUHVXOWRIZHWZHDWKHULPSDFWEHLQJWKH
ODUJHVWVRXUFHRIPLFURELDOSDWKRJHQORDGWRWKH&$:6WKH
VWXG\GHWHUPLQHGWKDWGLVLQIHFWLQJWKHHIIOXHQWVRI WKUHH
PDMRU:53VWKDWGLVFKDUJHWRWKH&$:6ZRXOGUHVXOWLQDQ
H[WUHPHO\ VPDOO UHGXFWLRQ LQ WKH DJJUHJDWH UHFUHDWLRQ
VHDVRQULVNWRLQFLGHQWDOFRQWDFWUHFUHDWRUV
 :DVWHZDWHU WUHDWPHQW DQG UHVRXUFH UHFRYHU\
IDFLOLWLHV
7DEOHVXPPDUL]HVWKHUHVXOWVIURPVWXGLHVFRQGXFWHG
ZRUOGZLGHDW GLIIHUHQW ZDVWHZDWHU WUHDWPHQW SODQWV WKDW
S U R Y L G H  G L I I H U H Q W  O H Y H O V  R I  W U H D WPHQ W  I R U
UHPRYDOLQDFWLYDWLRQRICryptosporidium IURPVHZDJH7KH
UHPRYDO HIILFLHQF\ RI Cryptosporidium  RRF\VWV GXULQJ
VHZDJHWUHDWPHQWSURFHVVHVLVYDULDEOHDQGGHSHQGVXSRQ
WKHFRQFHQWUDWLRQRIRRF\VWVLQWKHLQIOXHQWDQGWKHOHYHORI
WUHDWPHQWDSSOLHGWRVHZDJH&DUUDURHWDO
7KH WUHDWPHQW RI PXQLFLSDO ZDVWHZDWHU IRU UHFODPDWLRQ
LQFOXGHV ELRORJLFDO WUHDWPHQW IROORZHG E\ ILOWUDWLRQ DQG
GLVLQIHFWLRQ+RZHYHUGLIIHUHQFHVLQWUHDWPHQWRSHUDWLRQV
YDULDWLRQVLQILOWHUGHVLJQVDQGGLVLQIHFWLRQDSSURDFKHVFDQ
SURGXFHHIIOXHQWVRIYDU\LQJTXDOLW\7KHHIIHFWLYHQHVVRI
IXOOVFDOH ELRORJLFDO WUHDWPHQW ILOWUDWLRQ DQGGLVLQIHFWLRQ
IRU UHPRYDO RI Cryptosporidium  RRF\VWV DQG RWKHU
SDWKRJHQVZDVFRPSDUHGLQVL[ZDWHUUHFODPDWLRQIDFLOLWLHV
WKDW SURGXFH UHFODLPHG ZDWHU IRU QRQSRWDEOH XUEDQ
DSSOLFDWLRQV6FRWW HW DO  7KHUHODWLYHLPSDFWVRI
ORDGLQJ FRQGLWLRQV SURFHVV GHVLJQ DQG RSHUDWLQJ
SDUDPHWHUV RQ WKH UHPRYDOLQDFWLYDWLRQ RI RRF\VWV ZHUH
HYDOXDWHG,QWKHLQIOXHQWCryptosporidium ZDVGHWHFWHGLQ
RIWKHVDPSOHVZLWKFRQFHQWUDWLRQVUDQJLQJIURPWR
/,QVHFRQGDU\HIIOXHQWVWKHFRQFHQWUDWLRQRIRRF\VWV
UDQJHGIURPWR/IRUDOO IDFLOLWLHVZLWKDQRYHUDOO
GHWHFWLRQ UDWH RI  Cryptosporidium  RRF\VWV ZHUH
GHWHFWHGLQRIWKHILQDOUHFODLPHGHIIOXHQWVDWOHYHOV
EHWZHHQDQG/2YHUDOORRF\VWUHPRYDODFKLHYHG
WKURXJKZDVWHZDWHUWUHDWPHQWUDQJHGIURPQRUHPRYDO
WRORJ2RF\VWUHPRYDOZDVDVVRFLDWHGZLWKHQKDQFHG
QLWULILFDWLRQDQGGHHSEHGILOWUDWLRQ,QDGGLWLRQRSHUDWLRQ
RIELRORJLFDOWUHDWPHQWZLWKKLJKHUOHYHOVRIPL[HGOLTXRU
VXVSHQGHG VROLGV DQG ORQJHU PHDQ FHOO UHVLGHQFH WLPHV
WHQGHGWRUHVXOWLQLQFUHDVHGUHPRYDORICryptosporidium
DQGRWKHU SDWKRJHQV 2QWKHFRQWUDU\ VKRUWHVW 0&57V
DQWKUDFLWHPRQRPHGLDILOWUDWLRQDQGORZOHYHOVRIFKORULQH
UHVLGXDOKDGWKHSRRUHVWILQLVKHGZDWHUTXDOLW\ZLWKUHVSHFW
WRCryptosporidium,QIHFWLYLW\DVVD\VIRUCryptosporidium
VXJJHVWHGWKDW WKH SURSRUWLRQRI LQIHFWLYHYLDEOH RRF\VWV
UHPDLQHGXQFKDQJHGWKURXJKRXWWUHDWPHQW KRZHYHUWKH
FRQFHQWUDWLRQ RI LQIHFWLYH RRF\VWV GLG GHFUHDVH ZLWK
LQFUHDVLQJGHJUHHRI WUHDWPHQW 7KHVWXG\GHPRQVWUDWHG
WKHLPSRUWDQFHRI LQWHJUDWLQJPLFURELRORJLFDO PRQLWRULQJ
ZLWK FRQWURO IDFWRUV DVVRFLDWHGZLWK SURFHVV GHVLJQDQG
RSHUDWLRQV DV D PRUH UREXVW DSSURDFKIRU HQVXULQJ WKH
VDIHW\RIUHFODLPHGZDWHU
3ULPDU\SUHOLPLQDU\WUHDWPHQW
3ULPDU\ WUHDWPHQW LV LQHIILFLHQW IRU UHPRYDO RI
Cryptosporidium IURPVHZDJH:KLWPRUHDQG5REHUWVRQ
 &DUUDUR HW DO  2PDURYD HW DO  DQG
VWXGLHVKDYHUHSRUWHGORJUHGXFWLRQVEHWZHHQDQG
ORJ3D\PHQWHWDO=KDQJHWDO)XHWDO
 3ULPDU\WUHDWPHQWLVQRWLQWHQGHGIRUUHPRYDORI
RRF\VWVDQGHVVHQWLDOO\GHVLJQHGIRUUHPRYDORIODUJHVROLGV
DQG JULW SDUWLFOHV E\ VFUHHQLQJ SURFHVVHV SUHOLPLQDU\
FRPELQHGZLWKVHWWOLQJDQGVHGLPHQWDWLRQWDQNVIRUUHPRYDO
RIVXVSHQGHGVROLGVDQGVRPHRUJDQLFPDWWHU*HUEDDQG
3HSSHU
'LVVROYHGDLUIORWDWLRQ'$)LVDPRUHUHFHQWLQQRYDWLRQIRU
UHPRYLQJ VXVSHQGHG VROLGV IURP VHZDJH ZKLFK LV QRZ
EHLQJLQWURGXFHGLQWRQHZZDVWHZDWHUWUHDWPHQWSODQWVDV
DQ DOWHUQDWLYH WR FRQYHQWLRQDO SULPDU\ VHGLPHQWDWLRQ
SURFHVVHV '$)FODULILHUV UHPRYHVXVSHQGHGVROLGV PRUH
UDSLGO\WKDQGRHVFRQYHQWLRQDOSULPDU\VHGLPHQWDWLRQDQG
DUHFRVWHIIHFWLYHIURPDQHQJLQHHULQJVWDQGSRLQW*HUED
DQG 3HSSHU  +RZHYHU UHFHQW VWXGLHV KDYH
GHPRQVWUDWHGWKDWWKHXVHRI'$)LQVWHDGRIVHGLPHQWDWLRQ
WDQNVGLGQRWUHVXOWLQPRUHHIILFLHQWUHPRYDORIRRF\VWV
IURPVHZDJH6FKPLW]HWDO
Cryptosporidium spp.
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6HFRQGDU\WUHDWPHQW
7KH PDMRULW\ RI SURWR]RDO UHPRYDO RFFXUV GXULQJ
VHFRQGDU\WUHDWPHQW DV LQGLFDWHGE\SUHYLRXVDQGPRUH
UHFHQW VWXGLHV 6WDGWHUPDQ HW DO  5RGULJXH]
0DQ]DQRHW DO  6FKPLW] HW DO  6HFRQGDU\
WUHDWPHQWSURFHVVHVHJDFWLYDWHGVOXGJHWULFNOLQJILOWHUV
ZDVWH VWDELOL]DWLRQ SRQGV FRPPRQO\ LQYROYHV ELRORJLFDO
WUHDWPHQWRISULPDU\HIIOXHQWLQDWULFNOLQJILOWHUEHGDQ
DHUDWLRQ WDQN RU D VHZDJH ODJRRQ *HUED DQG 3HSSHU
 7KH DFWLYDWHG VOXGJH SURFHVV DQG DQDHURELF
GLJHVWLRQ LQ VHFRQGDU\ WUHDWPHQW SOD\ D PDMRU UROH LQ
UHPRYDO DQG LQDFWLYDWLRQ RI RRF\VWV 6WDGWHUPDQ HW DO
+RZHYHUVHFRQGDU\WUHDWPHQWSURFHVVHVKDYHEHHQ
UHSRUWHG WR EH KLJKO\ YDULDEOH DQG E\ VRPH DFFRXQWV
LQHIIHFWLYH LQ UHPRYLQJCryptosporidium &KDXUHW HW DO
7KLVLVODUJHO\GXHWRWKHGLIIHUHQFHEHWZHHQWKH
VHGLPHQWDWLRQYHORFLWLHVRISURWR]RDQRRF\VWVZLWKUHVSHFW
WRWKHSURFHVV&DUUDURHWDO5HPRYDORIRRF\VWV
 ORJ GXULQJ DHURELF ZDVWHZDWHU WUHDWPHQW DQG
DQDHURELFGLJHVWLRQRIVOXGJHDWWKHZDVWHZDWHUWUHDWPHQW
SODQWLQ2WWDZDZDVLQHIILFLHQW&KDXUHWHWDO.LQJ
HW DO  UHSRUWHG KLJKO\ YDULDEOH RRF\VW UHPRYDOV
UDQJLQJIURPWRORJIRUDYDULHW\RIWUHDWPHQW
SURFHVVHV IURP VHZDJH WUHDWPHQW SODQWV LQ $XVWUDOLD
5HPRYDO DFURVV VHFRQGDU\ WUHDWPHQW SURFHVVHV ZHUH
VHDVRQDO ZLWK SRRUHU UHPRYDOV DVVRFLDWHG ZLWK LQIORZ
YDULDELOLW\ /DJRRQ V\VWHPV ZDVWHZDWHU VWDELOL]DWLRQ
SRQGVLQFRUSRUDWHGLQWKHWUHDWPHQWSURFHVVGHPRQVWUDWHG
VLJQLILFDQW UHGXFWLRQRI RRF\VWV UDQJLQJIURP WR 
ORJ 8QOLNH RWKHU VHFRQGDU\ WUHDWPHQW SURFHVVHV
HYDOXDWHGLQWKHVWXG\VHGLPHQWDWLRQSOXVDFWLYDWHGVOXGJH
RULQWHUPLWWHQWO\GHFDQWHGH[WHQGHGDHUDWLRQUHDFWRUWDQNV
ZKLFK IDFLOLWDWHG RQO\ SK\VLFDO UHPRYDO RI RRF\VWV WKH
ODJRRQ V\VWHPV GHPRQVWUDWHG VXEVWDQWLDO UHPRYDO DQG
LQDFWLYDWLRQRIRRF\VWV6LPLODUO\)XHWDOUHSRUWHG
DQLQFUHDVHLQUHPRYDO RI Cryptosporidium RRF\VWVE\D
FRPELQDWLRQ RI FRQYHQWLRQDO DFWLYDWHG VOXGJH $6
DQDHURELFDQR[LFR[LFWUHDWPHQW$$2DQGR[LGDWLRQGLWFK
SURFHVVHV FRUUHVSRQGLQJ WR  $6  $$2 DQG
 ORJ $GGLWLRQDO VWXGLHV KDYH UHSRUWHG DYHUDJH
UHPRYDOHIILFLHQFLHVRICryptosporidium VSSEHWZHHQ
DQGORJGXULQJWKHFRPELQHGSULPDU\DQGVHFRQGDU\
WUHDWPHQW SURFHVVHV 2PDURYD 7XVVXSRYD HW DO 
5RGULJXH]0DQ]DQR HW DO  UHSRUWHG UHPRYDO RI
RRF\VWV EHWZHHQ  DQG  ORJ IRU SULPDU\ DQG
VHFRQGDU\WUHDWPHQWLQYROYLQJVFUHHQLQJDQGJULWUHPRYDO
SULPDU\VHGLPHQWDWLRQDQDHURELFGLJHVWLRQDQGVHFRQGDU\
VHGLPHQWDWLRQ
7KH YDULDWLRQ LQ WKH RFFXUUHQFH DQG UHPRYDO RI IDHFDO
LQGLFDWRUV Cryptosporidium RRF\VWV Giardia  DQG HQWHULF
YLUXVHV ZDV LQYHVWLJDWHG LQ IRXU 6ZHGLVK VHFRQGDU\
ZDVWHZDWHUWUHDWPHQWSODQWVUHSUHVHQWLQJGLIIHUHQWFOLPDWLF
]RQHV2WWRVRQHWDO$OOIRXU::73VZHUHRSHUDWHG
ZLWKFKHPLFDOSUHFLSLWDWLRQDQGDFWLYDWHGVOXGJHWUHDWPHQW
6RPHIDFLOLWLHV LQFOXGHGDGGLWLRQDO QLWURJHQUHPRYDO DQG
RWKHUVUDSLGVDQGILOWUDWLRQCryptosporidium RRF\VWVZHUH
SUHVHQWLQRXWRIXQWUHDWHGVHZDJHVDPSOHVZLWKD
PHDQ RI  RRF\VW/ 7KH QXPEHU RI Cryptosporidium
RRF\VWV ZDV VLJQLILFDQWO\ ORZHU WKDQ Giardia  F\VWV LQ
ZDVWHZDWHU UHIOHFWLQJD GLIIHUHQFHLQ GLVHDVHLQFLGHQFH
7KHRYHUDOOUHPRYDORIRRF\VWVUDQJHGIURPWR!
ORJZLWKDPHDQRIs1RFRUUHODWLRQVZHUHIRXQG
EHWZHHQCryptosporidium RRF\VWVDQGIDHFDOLQGLFDWRUVDQG
QR VLJQLILFDQW GLIIHUHQFH LQ UHPRYDO FDSDFLW\ EHWZHHQ
SODQWVFRXOGEHSURYHQ
7KHRFFXUUHQFHRICryptosporidium RRF\VWVLQWKHHIIOXHQW
RI  PXQLFLSDO ZDVWHZDWHU WUHDWPHQW SODQWV 0:73
ORFDWHG LQ WKH /XEOLQ UHJLRQ RI HDVWHUQ 3RODQG ZDV
LQYHVWLJDWHG 6URND HW DO  6HFRQGDU\ WUHDWPHQW
FRQVLVWHGRIDFWLYDWHGVOXGJHRUDFWLYDWHGVOXGJHFRPELQHG
ZLWK LQFUHDVHG UHPRYDO RI QLWURJHQ DQG SKRVSKRURXV
Cryptosporidium  RRF\VWV ZHUH IRXQG LQ RI WUHDWHG
HIIOXHQWV DW FRQFHQWUDWLRQV UDQJLQJ IURP  WR 
RRF\VWV/7KHRYHUDOORRF\VWUHPRYDOUHSRUWHGLQWKLVVWXG\
ZDVORJ ZKLFKGHPRQVWUDWHGWKDWWKHFRQYHQWLRQDO
ZDVWHZDWHU WUHDWPHQW SURFHVV DSSOLHG E\ WKH GLIIHUHQW
0:73ZDVQRWHIIHFWLYHIRUUHPRYDORIRRF\VWV
7ULFNOLQJILOWHUVDUHDOVRSDUWRIWKHVHFRQGDU\WUHDWPHQWRI
VHZDJH'XULQJWKHSURFHVVWKHSULPDU\HIIOXHQWLVSXPSHG
WKURXJKDQRYHUKHDGVSUD\HURQWRWKHILOWHU EHG ZKHUH
EDFWHULDDQGRWKHUPLFURRUJDQLVPVKDYHIRUPHGDELRILOP
RQWKHILOWHUVXUIDFHV7KHVHPLFURRUJDQLVPVLQWHUFHSWWKH
RUJDQLF PDWHULDO DV LW WULFNOHV SDVW DQG GHFRPSRVH LW
DHURELFDOO\*HUEDDQG3HSSHU7ULFNOLQJILOWHUVKDYH
EHHQUHSRUWHGWRDFKLHYHRRF\VWUHPRYDORIORJRU
ORJ DIWHU VHGLPHQWDWLRQ 6WDGWHUPDQ HW DO 
0RUHRYHU QR GLIIHUHQFHV LQ RRF\VW UHPRYDOV KDYH EHHQ
IRXQGEHWZHHQZDVWHZDWHUIDFLOLWLHVXVLQJWULFNOLQJILOWHUV
DQGDFWLYDWHGVOXGJH.LWDMLPDHWDO
1HZWHFKQRORJLHV VXFK DV WKH %DUGHQSKR SURFHVV KDYH
H[KLELWHGKLJKHUUHPRYDOVRIRRF\VWVWKDQIDFLOLWLHVXWLOL]LQJ
DFWLYDWHGVOXGJHRUWULFNOLQJILOWHUV6FKPLW]HWDO
7KHILYHVWDJH%DUGHQSKRDQDHURELFDQR[LFR[LFDQR[LF
R[LFSURFHVVLVDQDGYDQFHGPRGLILFDWLRQRIWKHDFWLYDWHG
VOXGJH SURFHVV ZKLFK UHVXOWV LQ QXWULHQW UHPRYDO RI
QLWURJHQ DQG SKRVSKRUXV YLD PLFURELDO SURFHVVHV LQ D
PXOWLVWDJH ELRORJLFDO UHDFWRU %DUGHQSKR V\VWHPV DUH
GHVLJQHGVLPLODUO\WRDFWLYDWHGVOXGJHE\UHF\FOLQJPL[HG
OLTXRU EXW LQFRUSRUDWH WZR DHURELF R[LF VWDJHV IRU
QLWULILFDWLRQ DQG WZR DQR[LF VWDJHV IRU HQKDQFHG
GHQLWULILFDWLRQ%\LQFRUSRUDWLQJDQLQLWLDODQDHURELFVWDJH
SKRVSKRUXVUHPRYDOLVHQKDQFHGDVPLFUREHVUHOHDVHWKH
QXWULHQWWKHQWDNHLWXSIRUFHOOIXQFWLRQVLQVXEVHTXHQW
DHURELFR[LFFRQGLWLRQV/RJUHPRYDOVRICryptosporidium
FRUUHVSRQGLQJWRsORJDQGsORJZHUH
IRXQG LQ ZDVWHZDWHU WUHDWPHQW IDFLOLWLHV XWLOL]LQJ WKH
%DUGHQSKRSURFHVVZKLOHsORJ DQGs
ORJZHUHIRXQGLQIDFLOLWLHVXWLOL]LQJWULFNOLQJILOWHUVDQG
DFWLYDWHGVOXGJHUHVSHFWLYHO\6FKPLW]HWDO
0HPEUDQHELRUHDFWRUV0%5DUHSDUWRIWKHUHODWLYHO\QHZ
WUHDWPHQWWHFKQRORJLHVVXLWDEOHIRUZDVWHZDWHUUHFODPDWLRQ
DQGUHXVH/HIHEYUHHWDO6DUL(UNDQHWDO
7KH0%5SURFHVVFRQVLVWVRIDELRORJLFDOUHDFWRULQWHJUDWHG
ZLWK PLFURILOWUDWLRQ RU ORRVH XOWUDILOWUDWLRQ PHPEUDQHV
SRUH VL]HV UDQJHV IURP  WR  wP WKDW FRPELQH
FODULILFDWLRQDQGILOWUDWLRQRIDQDFWLYDWHGVOXGJHSURFHVV
LQWR D VLPSOLILHG VLQJOH VWHS SURFHVV +DL HW DO 
=KDQJHWDO7UHDWHGZDWHUTXDOLW\IURPDQ0%5
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V\VWHPLVTXLWHVLPLODUWRWKHTXDOLW\RIWUHDWHGZDWHUIURP
WHUWLDU\ ZDVWHZDWHU WUHDWPHQW SODQW GXH WR WKH KLJK
VHOHFWLYLW\RIWKHPHPEUDQHVLQFHLWEORFNVWKHSDVVDJHRI
DFWLYDWHGVOXGJHIORFVOLYLQJEDFWHULDDQGSDUWLFOHV6DUL
(UNDQ HW DO  0%5V RIIHU PDQ\ DGYDQWDJHV RYHU
FRQYHQWLRQDOWUHDWPHQWWHFKQRORJLHV7KH\LQFOXGHUHGXFHG
IRRWSULQWLQJDQGVOXGJHSURGXFWLRQWKURXJKPDLQWDLQLQJD
KLJKELRPDVVFRQFHQWUDWLRQLQWKHELRUHDFWRU7KHV\VWHPLV
DOVR FDSDEOH RI KDQGOLQJ ZLGH IOXFWXDWLRQV LQ LQIOXHQW
TXDOLW\ DQG WKH HIIOXHQW FDQ EH UHXVHG GLUHFWO\ IRU
QRQSRWDEOHSXUSRVHVEHFDXVHILOWUDWLRQHIILFDF\LVVXFKWKDW
DKLJKTXDOLW\SURGXFWZDWHULV JHQHUDWHG&KDQJHWDO
 6WXGLHV KDYH VKRZQ WKDW 0%5V FDQ FRQVLVWHQWO\
DFKLHYHHIILFLHQWUHPRYDOVRIVXVSHQGHGVROLGV SURWR]RD
YLUXVHV DQG EDFWHULD 3HOOHJULQ HW DO  +RZHYHU
SDWKRJHQUHPRYDOHIILFLHQFLHVLQ0%5VKDYHEHHQUHSRUWHG
RQO\IRUGiardia ZLWKORJUHPRYDOYDOXHVRI!.DW]HW
DO6WXGLHVKDYHLQGLFDWHGWKDWIRULQGLUHFWSRWDEOH
UHXVHDSSOLFDWLRQDORJCryptosporidium FUHGLWE\0%5V
LVUHTXLUHG2WKHUVWXGLHVKDYHLQGLFDWHGWKDW0%5VPXVW
EHJUDQWHGDWOHDVWORJFUHGLWVIRUCryptosporidium
XQOHVVDQDOWHUQDWLYHGLVLQIHFWLRQSURFHVVVXFKDV89LV
XVHG GRZQVWUHDP RI WKH 0%5 SURFHVV +LUDQL DQG
-DFDQJHOR
7HUWLDU\WUHDWPHQW
7HUWLDU\ WUHDWPHQW LQFOXGHV DGGLWLRQDO SURFHVVHV WR
IXUWKHUUHPRYHSDWKRJHQVUHVLGXDOVXVSHQGHGVROLGVDQG
GLVVROYHGFRQVWLWXHQWV0RVWSURFHVVHVLQYROYHVRPHW\SHRI
SK\VLFRFKHPLFDOWUHDWPHQWVXFKDVFRDJXODWLRQILOWUDWLRQ
DFWLYDWHGFDUERQDGVRUSWLRQRIRUJDQLFVUHYHUVHRVPRVLV
DQG DGGLWLRQDO GLVLQIHFWLRQ *HUED DQG 3HSSHU 
$PRQJDZLGHUDQJHRIWHUWLDU\DQGDGYDQFHGWUHDWPHQW
WHFKQRORJLHV IRU HIIOXHQW WKH PRVW ZLGHVSUHDG LQFOXGH
WHUWLDU\ILOWUDWLRQDQGGLVLQIHFWLRQSURFHVVHV)LOWUDWLRQE\
WKH DGRSWLRQ RI VKDOORZ RU GHHSEHG ILOWUDWLRQ PD\
FRQWULEXWHWRWKHUHPRYDORIRRF\VWVZLWKORJUHGXFWLRQ
KRZHYHU WKH OHYHO RI UHGXFWLRQ ODUJHO\ GHSHQGV RQ WKH
FRPELQDWLRQDQGW\SHRISULPDU\VHFRQGDU\DQGWHUWLDU\
WUHDWPHQW DSSOLHG DV GHPRQVWUDWHG LQ SUHYLRXV VWXGLHV
*HQQDFFDURHWDO4XLQWHUR%HWDQFRXUWHWDO
+DUZRRG HW DO  5RGULJXH]0DQ]DQR HW DO 
6FKPLW]HW DO  0RUHRYHU LQIHFWLRXVRRF\VWV KDYH
EHHQIRXQGLQWHUWLDU\WUHDWHGHIIOXHQWVXQGHUJRLQJVDQG
ILOWUDWLRQ DQG FKORULQDWLRQ *HQQDFFDUR HW DO 
4XLQWHUR%HWDQFRXUWHWDO+DUZRRGHWDO
&RDJXODWLRQ
&RDJXODWLRQ DQGIORFFXODWLRQ LV DQ LPSRUWDQW VWHS LQ
VHYHUDO ZDVWHZDWHU WUHDWPHQW SURFHVVHV $ FRPPRQ
H[DPSOHLVFKHPLFDOSKRVSKRUXVUHPRYDODQGDQRWKHULQ
RYHUORDGHGZDVWHZDWHUWUHDWPHQWSODQWVLVWKHSUDFWLFHRI
FKHPLFDOO\ HQKDQFLQJ SULPDU\ WUHDWPHQW WR UHGXFH
VXVSHQGHGVROLGVDQGRUJDQLFORDGVIURPSULPDU\FODULILHUV
KWWSVZZZLZDSXEOLVKLQJFRPQHZVFRDJXODWLRQDQGIORFF
XODWLRQZDWHUDQGZDVWHZDWHUWUHDWPHQW
,QJHQHUDOFRDJXODWLRQDQGIORFFXODWLRQZLWKGLVVROYHGDLU
IORWDWLRQ'$)IRUFODULILFDWLRQKDVDFKLHYHGDYHUDJH
ORJ UHPRYDOV RI Cryptosporidium 2SWLPXPFRDJXODWLRQ
FRQGLWLRQVVHHPHGWREHJRYHUQHGE\WXUELGLW\DQGQDWXUDO
RUJDQLF PDWWHU UHPRYDO UHTXLUHPHQWV UDWKHU WKDQ E\
SDWKRJHQUHPRYDOV3UHYLRXVVWXGLHVKDYHUHSRUWHGXSWR
 ORJ UHGXFWLRQ RI RRF\VWV DIWHU FKHPLFDO OLPH
WUHDWPHQWZKHQSUHFHGHGE\SULPDU\WUHDWPHQWDFWLYDWHG
VOXGJHDQGVHFRQGVWDJHFDUERQDWLRQ5RVHHWDO
5HPRYDOVRICryptosporidium ZDVHYDOXDWHGE\FODULILFDWLRQ
'$)DQGODPHOODVHGLPHQWDWLRQFRPELQHGZLWKGXDOPHGLD
ILOWUDWLRQXQGHUFKDOOHQJHFRQGLWLRQVRIKLJKRRF\VWOHYHOV
'$) DQG ILOWUDWLRQ WRJHWKHU DFKLHYHG DYHUDJH ! ORJ
UHPRYDOV ZKLFK ZHUH FRPSDUDEOH WR WKRVH DFKLHYHG E\
VHGLPHQWDWLRQDQGILOWUDWLRQ(G]ZDOGHWDO(G]ZDOG

0HPEUDQHWHFKQRORJLHV
0HPEUDQH SURFHVVHV KDYH EHHQ ZLGHO\ DSSOLHG LQ
ZDVWHZDWHUWUHDWPHQWWRUHFODLPZDWHUUHFRYHUUHVRXUFHV
RU HYHQ SURGXFH HQHUJ\ 0HPEUDQH SURFHVVHV FDQ EH
GULYHQ E\ SUHVVXUH PLFURILOWUDWLRQ XOWUDILOWUDWLRQ
QDQRILOWUDWLRQ DQG UHYHUVH RVPRVLV HOHFWULFLW\
HOHFWURGLDO\VLV RU RWKHU HOHFWURPHPEUDQH SURFHVVHV D
FRQFHQWUDWLRQ JUDGLHQW IRUZDUG RVPRVLV RU D WKHUPDO
JUDGLHQW PHPEUDQH GLVWLOODWLRQ DQG PHPEUDQH
HYDSRUDWLRQ =KDQJ HW DO 
6WXGLHV KDYH LQGLFDWHG WKDW SK\VLFDO VWUDLQLQJ LV WKH
SULPDU\ PHFKDQLVP RI DFWLRQ IRU UHPRYDO RI SURWR]RDQ
RRF\VWV IURP WKH IHHG ZDWHU GXULQJ PLFURILOWUDWLRQ DQG
XOWUDILOWUDWLRQ SURFHVVHV -DFDQJHOR HW DO  $
ZDVWHZDWHU WHUWLDU\ WUHDWPHQW EDVHG RQ PHPEUDQH
XOWUDILOWUDWLRQ IHG ZLWK VHFRQGDU\WUHDWHG PXQLFLSDO
ZDVWHZDWHU ZDV HYDOXDWHG IRU WKH UHPRYDO HIILFLHQF\ RI
Cryptosporidium RRF\VWV/RQLJURHWDO7KHUHVXOWV
RIWKHVWXG\VKRZHGWKDWWKHPHPEUDQHILOWUDWLRQV\VWHP
ZDV XVHIXO IRU UHPRYDO RI Cryptosporidium IURP
ZDVWHZDWHUKRZHYHURRF\VWUHPRYDOVZHUHOLPLWHGE\WKH
ORZDPRXQWLQWKHIHHGDQGWKHSHUPHDWH7KHSUHVHQFHRI
RRF\VWVLQWKHSHUPHDWHVXJJHVWHGWKHQHHGIRUFRPSOHWH
H[DPLQDWLRQ RI WKH ILOWUDWLRQ SODQW DQG WKH PHPEUDQH
PRGXOHIRUSRVVLEOHIDLOXUHVVLQFHWKHPHPEUDQHQRPLQDO
SRURVLW\  wP VKRXOG JXDUDQWHH FRPSOHWH RRF\VW
UHPRYDO
6OXGJHPDQDJHPHQW
9DULRXV WUHDWPHQWV DUH XVHG WR UHPRYH ZDWHU DQG
UHGXFH YLDEOH SDWKRJHQ ORDGV LQ VOXGJH 7UHDWPHQW RI
VOXGJHIRUWKHUHGXFWLRQRISDWKRJHQVUDQJHLQFRPSOH[LW\
DQG PD\ LQFOXGH DLU GU\LQJ FRPSRVWLQJ DHURELF RU
DQDHURELF GLJHVWLRQ DQG YDULRXV WKHUPDO DQG FKHPLFDO
WUHDWPHQWV7KHUHVXOWLQJELRVROLGVDUHULFKLQQXWULHQWVDQG
RUJDQLF PDWWHU DQG WKHUHIRUH DUH IUHTXHQWO\ DSSOLHG WR
DJULFXOWXUDO ODQGDV IHUWLOL]HU RU DUH GLVSRVHG +RZHYHU
FRQFHUQVH[LVWRYHUWKHODQGDSSOLFDWLRQRIELRVROLGVGXHWR
WKHSRWHQWLDOVSUHDGRISDWKRJHQVDQGRWKHUFRQWDPLQDQWV
$VXUYH\RIQLQHZDVWHZDWHUWUHDWPHQWSODQWVLQWKH86
IRXQGDCryptosporidiumSUHYDOHQFHRILQPLQLPDOO\
WUHDWHG &ODVV % ELRVROLGV ZLWK FRQFHQWUDWLRQV UDQJLQJ
EHWZHHQ  DQG  RRF\VWV SHU GU\ JUDP EDVHG RQ
LPPXQRIOXRUHVFHQFH DVVD\ PLFURVFRS\ 5KRGHV HW DO
 ,Q 6SDLQ LQYHVWLJDWRUV IRXQG Cryptosporidium
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RRF\VWV LQ WUHDWHG ELRVROLGV IURP DOO ILYH ZDVWHZDWHU
WUHDWPHQW SODQWV VWXGLHG ZLWK DYHUDJH FRQFHQWUDWLRQV
UDQJLQJEHWZHHQDQGRRF\VWVSHUJUDPEDVHGRQ
LPPXQRIOXRUHVFHQFH DVVD\ PLFURVFRS\ $PRUµV HW DO
 $ VWXG\ LQ )LQODQG H[DPLQHG WKH SHUVLVWHQFH RI
Cryptosporidium LQELRVROLGVSURGXFHGXVLQJDYDULHW\RI
FRPSRVWLQJ TXLFNOLPH DQG SHDW WUHDWPHQWV DW 
ZDVWHZDWHUWUHDWPHQWSODQWV5LPKDQHQ)LQQHHWDO
,QWKDWVWXG\Cryptosporidium RRF\VWVZHUHIRXQGXVLQJ
GLUHFWRULPPXQRIOXRUHVFHQFHDVVD\PLFURVFRS\LQRI
WKHZHHNROGFRPSRVWVDPSOHVDQGLQRIZHHN
ROG FRPSRVW VDPSOHV 7KH ODWWHU KDG D PD[LPXP
FRQFHQWUDWLRQRIRRF\VWPJRIELRVROLGV$GGLWLRQDO
VWXGLHVKDYHGHPRQVWUDWHGUHGXFWLRQVRICryptosporidium
ORDGDVVRFLDWHGZLWKWKHVHZDJHVOXGJHDFWLYDWLRQSURFHVV
ZLWKORJUHPRYDOHIILFLHQFLHVUDQJLQJIURPWRORJ
*UDF]\NHWDO9LDEOHRRF\VWVZHUHVWLOOGHWHFWHGLQ
VHZDJHVOXGJHHQGSURGXFWV7KHVHVWXGLHVFOHDUO\LQGLFDWH
WKDW VOXGJH WUHDWPHQWV VXFK DV DQDHURELF DQG DHURELF
GLJHVWLRQ OLPH VWDELOL]DWLRQ DQG KHDW GU\LQJ GR QRW
HOLPLQDWH Cryptosporidium  RRF\VWV &RPSRVWLQJ RI
ZDVWHZDWHUWUHDWPHQWVOXGJHDSSHDUVWREHDQLQWHUHVWLQJ
DOWHUQDWLYHWRWUDGLWLRQDOGLVSRVDOPHWKRGVVLQFHLWLVWKH
RQO\ VWDELOL]DWLRQ WUHDWPHQW FDSDEOH RI HOLPLQDWLQJ
Cryptosporidium  RRF\VWV $PRUµV HW DO 
3.2 Disinfection
&KHPLFDODQGSK\VLFDOGLVLQIHFWLRQFKORULQHR]RQH
XOWUDYLROHWUDGLDWLRQDGYDQFHGR[LGDWLRQSURFHVVHV
&KORULQH LV WKH PRVW ZLGHO\ XVHG GLVLQIHFWDQW IRU
PXQLFLSDOZDVWHZDWHUEHFDXVHLWGHVWUR\VPLFURRUJDQLVPV
E\R[LGL]LQJFHOOXODUPDWHULDO +RZHYHU Cryptosporidium
RRF\VWV H[KLELW DQ H[WUHPH UHVLVWDQFH WR FKORULQH DQG
VWDQGDUGFKORULQHEDVHGGLVLQIHFWDQWWUHDWPHQWV W\SLFDOO\
DSSOLHGLQZDVWHZDWHUWUHDWPHQWSODQWVPJ/GR
QRW LQDFWLYDWH RRF\VWV )RU LQVWDQFH YLDELOLW\ ZDV QRW
DIIHFWHGE\H[SRVXUHWRDQGFKORULQHDVVRGLXP
K\SRFKORULWHIRUXSWRK.RULFKHWDO)RUORJ
LQDFWLYDWLRQWKHFKORULQHFRQFHQWUDWLRQDQGFRQWDFW
WLPH&7IRUC. parvumRRF\VWVFDQEHDVKLJKDV
PJ/PLQPLQXWHV.RULFKHWDO ,QDGGLWLRQD
&7PJ/FKORULQHIRUKDWS+LV
UHTXLUHGIRULQDFWLYDWLQJCryptosporidium LQSRROV6XSSHV
HWDO
$OWHUQDWLYHGLVLQIHFWLRQV\VWHPVVXFKDVXOWUDYLROHW 89
UDGLDWLRQDQGR]RQDWLRQ2KDYHEHHQXVHGZRUOGZLGHWR
GLVLQIHFWZDVWHZDWHU:RMWHQNRHWDO3DUDVNHYDDQG
*UDKDP7XUWRL6WXGLHVKDYHLQGLFDWHGWKDW
RRF\VWV DUH LUUHYHUVLEO\ LQDFWLYDWHG E\ 89 UDGLDWLRQ
5RFKHOOHHWDO7KUHHORJLQDFWLYDWLRQRIC. parvum
RRF\VWV KDV EHHQ GHPRQVWUDWHG DW JHUPLFLGDO 89GRVHV
JUHDWHU WKDQ DSSUR[LPDWHO\ P-FP IRU ERWK PHGLXP
SUHVVXUHDQGFRQYHQWLRQDOORZSUHVVXUHODPSV&UDLNHWDO
  ,Q DQRWKHU VWXG\ D PRQWK VXUYH\ RI
Cryptosporidium RRF\VWRFFXUUHQFHZDVFRQGXFWHGDWWHQ
86 ZDVWHZDWHU WUHDWPHQW SODQWV DQG Cryptosporidium
RRF\VWVZHUHIRXQGLQDOO ZDVWHZDWHUPDWULFHVIURPUDZ
VHZDJHWRWHUWLDU\HIIOXHQWV&ODQF\HWDO+RZHYHU
WKHVWXG\GHPRQVWUDWHGWKDWORZGRVHVRI89UDGLDWLRQ
P-FPIURPHLWKHUORZRUPHGLXPSUHVVXUH89ODPSV
WR  QP UDQJH ZHUH HIIHFWLYH LQ DFKLHYLQJ DQ
LQDFW LYDW LRQ  OHYH O R I JUHDWHU  WKDQ   ORJ    IRU
Cryptosporidium  RRF\VWV LQ ZDVWHZDWHU HIIOXHQW DV
PHDVXUHGE\FHOOFXOWXUH1RHYLGHQFHRIRRF\VW'1$UHSDLU
ZDV REVHUYHG 7KH VWXG\ LQGLFDWHG WKDW ZKLOH WKH
RFFXUUHQFH RI Cryptosporidium  RRF\VWV ZDV FRPPRQ LQ
ZDVWHZDWHUHIIOXHQWV 89ZDVKLJKO\HIIHFWLYHIRURRF\VW
LQDFWLYDWLRQLQZDVWHZDWHU
2]RQH LV RQH RI WKH VWURQJHVW DQG IDVWHVW UHDFWLQJ
GLVLQIHFWDQWV IRU WUHDWLQJ ZDVWHZDWHU :RMWHQNR HW DO
 $ VWXG\ HYDOXDWHG WKH HIILFDF\ RI 89DQGR]RQH
WUHDWPHQWIRUUHGXFWLRQRICryptosporidium LQ&62V7KH
UHVXOWVRIWKHVWXG\LQGLFDWHGWKDWGLVLQIHFWLRQZLWKR]RQH
ZDVPRUHHIIHFWLYHDWWKHGRVHVXVHGWKDQ89LUUDGLDWLRQ
ORJ UHGXFWLRQV RI s DQG s E\ R]RQH
GLVLQIHFWLRQ ZHUH REVHUYHG KRZHYHU GLVLQIHFWLRQ E\ 89
UDGLDWLRQFRXOGQRWEHSURYHQLQWKLVVWXG\7RQGHUDHWDO

,QDGGLWLRQDGYDQFHGR[LGDWLRQSURFHVVHV$23VEDVHGRQ
KLJKO\UHDFWLYHR[LGDQWVKDYHEHHQSURSRVHGDQGDSSOLHGWR
UHGXFH WKH KHDOWK ULVNV RI Cryptosporidium  LQ ZDWHU
1DVVHU$23VDUHEDVHGRQWKHLQVLWXJHQHUDWLRQRI
VWURQJR[LGDQWVIRU WKHR[LGDWLRQRI RUJDQLFFRPSRXQGV
7KLVLQFOXGHVSURFHVVHVEDVHGRQ2+UDGLFDOVy2+ZKLFK
FRQVWLWXWH WKH PDMRULW\ RI DYDLODEOH $23V EXW DOVR
SURFHVVHVEDVHGRQRWKHUR[LGL]LQJVSHFLHVIDYRULQJVXOIDWH
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